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1 

Mudn-l derived antigens and tiieir use in inuaunotherapy 

Field of the Invention; 

This invention lelates to ths immimotlieiapiy of disease states, such as 
the immimotherapy of caicinomas. 

Back]°roimd of the Invention'. 

Cancer is a major cause af death and severe trauma in modem society. 
Ceixcer is not limited to oue group; the young, old, males, females and 
peoples of all races may contract cancer, although cancer in children is 
i-elatlvsiy rare, perhaps with the exception of childhood leukemia. In western 
society, cancer of the colon and lung cancer are major diseases. In women, 
breast cancer is the moat common form of cancer. 

Many cancel's ore accompanied by overproduction of human mucin. 
Mucins are heav% glycosylated proteins (greater than about lOOKd) which 
. are produced by many epithelial cells and tumours (1], Mucins found on 
cancer cells ai-e different in some respects to those on uormal epithelial cells, 
in that some mucins.have a deficiency in tliEjir carbohydrate coat which 
leaves the protein core exposed (2). There are twelve forms of known human 
mucin designatsd MUCl to MUC12 (see, for example, 3, 4. 26. 27). MUCl is 
the most ubiquitous. The various mucins all have very sinoilar properties, that 
is, they are transmembrane glycoproteins, all having a vaiiable number of 
repeated ammo acid sequences, which have a high content of serine, 
threonine and proline. Overproduction of aben-antly glycosylated mucins 
(either non-glycosylated or a deficiency in glycosylation) is characteristic of 
tumours of the breast, ovary, pancreas, colon, lungs, ptrostate and other 
tumours of secretory tissue. The cDNA sequences of the respective protein 
cores of the hmnan mucins MQGl to MUC7 have been cloned and . 
characterised and have been found to contain highly repetitive central 
portions of vaiying mimhers of repeats of particular amino acid motifs 
(known as VNTR's). 

The siirgery associatsd with tumour removal is traumatic to the patient, 
often disfigui:ing, and cosdy. Established chemotherapeutic and radiation 
procedures for tumour treatment which may be carried out in place of or in 
conjunction with surgical procedures are often debilitating and associated 
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with severe side-e:^cts. There is, accordingly, an nigeBit need for therapeutic 
compounds and methods for the prevention/treatment of tumours. 

Prior art relating to mucins mainly concerns the use of VOTR as a 
possible treatment or prophylactic for cancer. In one case, there has been a 
5 report of using the leader sequence of MUGl to elicit ciytotoxic T cells in vitro 
(71). However, studies involving this peptide, LLLLTVLTV [SEQID NO; 1) 
were conducted in vitro which is not necessarily indicative of how the 
peptide would behave in vivo. In addition, &b epitope may not necessarily be 
a dominant T ceil epitope of MUCl and such lack of dominance may result in 
10 cytotoxic T lymphocytes (GTLs) to other epitopes, not IXLLTVLTV (SEQ ID 
NO:l). . 

In woi"k leadmg to the present invention, the inventors surprisingly 
found that when a mannan-conjugate of HMPG [whole MUGl) was used for 
inunmiisation, uon-VNTR, non-leader regions of MUCl could be selectively 

15 antigenic. This is the first time that cjrtotoxic T cells to non-VNTR regions of 
MUCl have been demonstrated in mice immimised with whole MUGl. This 
means that the non-VNTR peptides could I^ive high affiniiy for tlie major 
histoGompaf ability complex (MHC) cIqss 1, This is surprising in view of the 
fact that VNTR peptides display low affinity for MHC class 1. The inventors' 

20 Studies were conductad in VIVO. 

Disclosure of the Invention: 

Accordingly, in tlie first aspect, tlie present invention provides a 
peptide or poiypeptide capable of eliciting an immune response, wherein said 
25 peptide .or polypeptide comprises an amino acid sequence substantially 

corresponding to that of an epitope of the non-VNTR, non-leader region of a 
mucin, 

It is to be understood that the term "polypeptide" as used in the 
preceding paragraph and hereiuaftsr does not encompass full-length mucin 
30 protein- 

Preferably, tlie peptide or polypeptide consists entirely of an amino 
acid sequence derived from the non-VNTR, non-leader region of a mucin (and 
which includes an epitope). However, the peptide or polypeptide may 
include an additional amino acid sequsnceCs) derived from other regions of a 
35 mucin {including the VNTJR and/or leader region). As such, the peptide or 
polypeptide may also include an epitope(s3 from the VNTR and/or leader 
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region. Furthermore, the peptide or polypeptide may include an additional 
amino acid sequence[s) derivedirom other natural or artificiEil sources (e.g. 
the peptide or polypeptide may include a heterologous leader and/ox signal 
sequence, or an arniixo acid sequence substantially GDrresponding to that of 
5 an epitope fi-ona an antigen from any tumour type or ofhei source expressing 
MUGl). Ebcamples of specific tumour antigens are carcinoembryonic antigen 
(CEA) liom colon and other cancers or, indeed, antigens ejclracted fcom any 
tiunoiu* expressing MUCi; 

Preferably, the immune response elicited by the peptide or polypeptide 

10 is a cell mediated immune response, particularly one involving the activation 
of cytotoxiG T cells against cells expressing aberrantly glycosylated mucin 
(e.g. such as those characteristic of breast, overy, pancreas, colon, lung and 
prostate tumouilgenic cells]. 

The term "substantially corresponding" as used herein in relation to 

15 amino acid sequences is intended to encompass minor variatLon(s) in the 
particular amino acid sequence which do/does not substantially alter the 
biological activity of the particiilar amino acid sequence. For example, in 
relation to the amino acid sequence of an epitope of a non-VNTE, non-leader 
region of a mucin, the teim "substantially corresponding" encompasses 

20 variation(s) of tliat sequence [which vailation(s) may be found in naturally- 
occurring VEu-iant sequences or otherwise) where the epitopic activity is 
substantially imaltered, i.e. the epitope variant is still capable of eliciting a 
substantially equivalent immune response. Such variations may include 
conservative amino acid substitutions, Conservative amino acid substitutions 

25 envisaged are: 

G. A, V, I, L, M; D, E: N, Q; S, T; K, R, H; F, Y, W, H; and P, Na- 
alkylamino acids. 

The peptide or polypeptide according to the invention maybe derived 
from natural sources, synthesised according to standard techniques or 
30 produced lecombinantly. Peptide synthesis may be employed for 

• polypeptides containing up to about a hundred amino acids. Generally, for 
polypeptides containing about twenty or more amino acids, the preferred 
means of production is recombinant expression in a host cell. Procedures for 
expression of recombinant proteins in prokaryotic and eufcaryotic host ceHs 
35 ai-e well established, see, for example, Sambrook, et al. (7). 
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The peptide or poljrpeptids may be part of a fusion prDtein. Procedtixeg 
for expression of fusion proteins in prokaiyotic and eukaxyotic liost cells are 
well established, see, for example, Sambrook, et al. [7]. Fusion proteins may 
involve fusion of the peptide or polypep tide to a carrier protein selected firom 
S glutathlone-S-transferase, p-^iactosidassj or any other protein or part thereof, 
particularly those which enable affinity purification utilising the binding or 
other affinily chareicteristics of the protein to purify the resultant fusion 
protein. The fusion protein may involve fusion of the peptide or polypeptide 
according to the invention to the G-terminal or N-texminal of the carrier 

10 protein. The exact nature of the fusion protein will depend upon the vector 
system in which the fusion protein is produced. An example of a bacterial 
expression vector is pGEX which can be used to produce a fusion protein 
consisting of glutathione-S-transferase with a peptide, polypeptide or protein 
of interest. The carrier piolBin may or may not be cloved fiom the peptide or 

15 polypeptide of the invention following expression. The fusion protein may 
be treated with mild periodate oxidation. 

As mentioned above, expression of the peptide or polypeptide, or a 
fusion protein comprising the peptide or polypeptide, may be achieved using 
a host cell, e.g." a prokEuyotic (e.g, B.coli or B. sabtjjis] or enkaryotic 

20 (baculovirus, CHO cells, COS cells or jreast) host cell expression system. In 
some of these systems, for example, baculovirus or yeast, glycosylation of liie 
peptide, polypeptide or fusion protein can be aciiieved by introducing well 
known glycosylation motife. 

Similarly, tihe peptide or polypeptide may be simply coupled to a 

25 suitable carrier protein (e.g, keyhole limpet hemocyanin] using any of the 
well established procedures in the art (e.g. ti'eatment with glutaraldehyde). 

Preferably, the peptide or polypeptide according to the present 
invention comprises an amino acid sequence derived from human mucin 1. 
More preferably, the peptide or polypeptide comprises an atnino acid 

30 sequence derived from human milk fat globule membrane antigen (HMDFG) . 
Even more preferably, the peptide or polypeptide comprises an amino acid 
sequence derived from the extracellular region or intracellulai' region of the 
non-leader, non-VNTR region of human MUGl (e.g. amino acids 22 to 131, or 
amino acids 4D2 to 473 of human MUC.l according to NCBI database 

35 Accession No. M61170 (see also figure IJ; although an amino acid sequence 
from the transmembrane region of the non-leader, non-VNTR region of 
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humaa MUGl may also be suitable. Still more preferably, the peptide or 
polypeptide comprises an amino acid sequence substantially corresponding 
to ona of thG foUowing amino acid sequences or an imrminogenic fragment 



TGSGHASSTPGGEKETSATQESSVP (SEQID NO: 2) 

ESSVPSSTEKNAVSMTSSVL (SEQID NO: 3) 

SGHASSTPGGEKETSATQRSSVPSSTEKNAVSl^flTSSVLSSHSPGSGSSTTXJG 
QDVl'LAPATEPASGSAATV\f (SEQ ID NO ; 4) 

SAPDNRPAL {SEQ ID NO : 6) 

NSSLEDPSTDYYQELQKDISE {SEQ ED NO : 7) 

TQFNQYKTEAASRVNL (SEQ ID NO: 8) 

AVCQCimKNYGQLDIFPAEDTYH (SEQ ID NO: 9) 

YVPPSSTDRSFYEKVSAGNG (SEQ ID NO; 10) 

In a second aspect, the present invention provides a compound 
-comprising a conjugate of the peptide or polypeptide of the first aspect and a 
carbohydrate polymer. 

Preferably, the carbohydrate polymer is a polymer of a carbohydrate 
selected from tlie group consisting of glucose^ galactosBj mannose, xylose, 
arabinose, fiicose, glucosamine, galactosamine, rhamnose, 6-0-methyll-D- 
galactose, 2-0-acetyl-p-D-xylose, N-acetyl-glucosamine, iduronata, giduronats, 
mannm-onate. methyl galacturonate, a-D-galactopyxanose 6-fiulphate, fructose 
and a abequose, conformation and configuration isomers thereof, or a 
carbohydrate formed of two or more different monomer units. The number of 
repeated monomer miits in the polymer is not important but generally 
carbohydrate polymers would comprise at least twenty monomer units, 
prefei-ably in excess of one hundred monomer units, more preferably in 
excess of one thousand monomer units, and still more preferably in excess of 
ten thousand monomer units or mora. Carbohydrate polymers may be a 
mixture of polsrsaccharide chains of varying molecular -weights. More 
preferably, the carbohydrate polymer is a polymer of mannose or is q 
carbohydrate polymer containing mannose units. Most preferably, the 
carbohydrate poljoner is a polymer of oxidised mannose. 

The peptide or polypeptide according to the first aspect may be 
conjugated to a carbohydrate polymer according to standard techniques well 
known in ttie aii of caxbohydratB chemistry for the derivatization and 
reaction of polysaccharides and monosaccharides. Carbohydrates maybe 
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oxidised with conventioiial oxidising reagewts such as sodium periodate to 
give a poljmldehyde which can then be directly reacted with the peptide or 
poiypeptide where aormo functional groups on the peptide chain (such as the 
6 amino group of lysine) react with the aldehyde groups which may be 
5 fuither reduced to form a Schifif base. Pol3r6acchaiide chains may be first 
activated with cyanogen bromide and the activated polysaccharide then 
reacted with a diamine, followed by conjugation to Ihe peptide or polypeptide 
to form a conjugate which may, optionally, then be oxidKed. The 
carbohydrate and polypeptide may be derivatised with bifunctional agents in 

10 oi'dsr to cross-link the carbohydrate and polypeptide. Commonly used cross- 
UnMng agents inchide l,l-bis(diazoacetyl)-2-phenylsthanB, glutaraldehyde, 
N-hydi'oxysuccinimide esters, for example, esters with 4-azidosalicyclic acid, 
homobifunctional iraidoesters including dlsuocinimidyl esters such as 3,3'- 
dithiobi3(succiniraidyl-propionate], and bifunctloiiai maleimides such as bis- 

15 N-maieimido-1, 8-octane. Derivatizing agents such as a methyl"3-[(p-azldo- 
phenyl)ditMo] propioiniidate yield photactivi table inLermediates whicL are 
capable of forming cross-links in die presence of light. Oxidiised 
carbohydrates maybe reacied with hydrazine "derivatives of antigens to give a 
conjugate. Alternatively, cai'bohydrates may be reacted with reagents such as 

20 carbonyl diimidazole followed by reaction with antigen, which after 
oxidation gives the desired conjugate. 

The coupling of the peptide or polypeptide to a carbohydrate involves 
converting any or all of the functional groups on the carbohydrate to reactive 
gi'oups and tlaereafter reacting the reactive groups on the carbohydrate with 

25 reactive groups on the polypeptide. Carbohydrate poljrmers are replete with 
hydixjxide groups, and in some instances, carboxyl groups (such as in 
idruionate), ester groups (such as methylgalactm-onate) end the iiJsB. These 
groups may be acdvated according to standard chemical procedures. For 
example, hydroxyl groups may be reacted with hydrogen halides, such as 

30 hydrogen iodide, hydi'ogen bromide and hydrogen chloride to give the 

reactive halogenated polysaccharide. Hydrojiy groups may be activated with 
phosphorous tdhalides, active metals (such as sodiimi ethoxide, aluminium 
isopropoxide and potassium tert-butoxide), or esterified (with groups such as 
tosyi cliioride or acetic acid) to form reactive groups which can be then 

35 reacted with reactive groups on the polypeptide to form one or more bonds. 
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Other functional groups on carbohydrates apart from Iiydroxyl groups may be 
activated to give reactivB groups according to standard techniquss. 

The carbohydiate polymer may be pmified from a natural source or 
othorwise syntlieslsed in accoi-dance with stastdaid techniques, 
5 Carbohydrates are available commerciaEy from many suppliers. 

The. carbohydrate polymer is preferably conjugated to the pepttde or 
polypeptide at any amount which permits the peptide or polypeptide to elicit 
a cell mediated immune response in a human or other animal. Such an 
amount may be within the range, for example, of about 0.1-10 mg jrer mg of 
10 the peptide or polypeptide. 

Fusion proteins as described above and peptides or polypeptides 
otherwise coupled to a suitable carrier protein as described above, may also 
be coupled to a carbohydrate polymer (especialiy oxidised mannose]. 
Similarly; the carbohydrate polymer is preferably conjugated to the fusion 
15 protein at any amount which permits the fusion protein to elicit a cell 
mediated immune response in a human or other ammal. In this case 
however, the amount may be within the range, for example, of about i-lO mg 
per mg of the fusion protein, more preferably about 5-8 mg per mg of the 
fusion protein. 

30 Iti a tlih'd aspect, the present invention provides a vaccine against 

disease states, particularly hvunan disease characteiifled by lumoiu- cells 
expressing mucin nr a subimit thereof, wherein said vaccine comprises the 
peptide or polypeptide of the first aspect of the invention, or a fusion protein 
comprising the peptide or polypeptide of the first aspect of the invention, 

25 and, optionally, an adjuvant and/or a pharmaceutic ally acceptable caiiier. 

In a fourth aspect, the present inventton provides a vaccuie against 
disease states, particularly human disease characterised by tumour cells 
expressing mucin or a subumt thereof, wherein said vaccine comprises the 
conjugate compound of the second aspect of the invention and, optionally, an 

30 adjuvant and/or a pharmaceutically acceptable carrier. 

Suitable adjuvants for use in ttie vaccine of the third or fourth aspect 
include any of those well Imown in the art such as Quil A. QS-21 Iscoms, 
liposomes, alum, salts, oil, emulsions, etc. 

The vaccine of the third or fourth aspect may be administered to 

35 human patients to protect against various disease states including cancer cell 
growth, and in particular, the growth of tumouis of secretory tissues, such as 
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tumours of the breast, colon, lung, pancreas, prostate, and the hke. Subjects 
may be imiBunised with the vaccine to protect against tumoiTr foimation of 
secretory tissues. AltemativBly, subjects sufferiiig from tumours may be 
inununised with the vaccine as part of a therapeutic legimen for tumour 
5 treatment By way of example, to protect women from breast cancer, women 
may bs immunised with the vaccine pie- or post-puberty and may receive one 
or more injections, preferably an initial immunisation followed by one or 
more booster injections separated by several months to several years. The 
route of immunisation is no different from conventional human vaccine 
10 administration. Accordingly, the vaccine of the third or fourth aspect may be 
administered subcuianeously, intramusculaiiy, orally, Intravenously, and the 
Uke. 

The amount of a peptide or polypeptide (which may be coupled to a 
suitable carrier protein), fusion protein or conjugate compound according to 

15 the present invention which is delivered to a subject is not critical or iimiting. 
However, an effective amount of a peptide or polypeptide (which may be 
coupled to a suitable cai-rier protein), fusion protein or conjugate compound 
according to the present invention, is one which will stimulate an immune 
response. In this regard, the effective amount may vary according to the 

20 immune status of the subject (i.e. depending on whether the subject is 

immunosuppressed or immunostimulated), the judgement of the attending 
physician or veterinaiian, whether the vaccine is to be used to prevent or 
ti-eat a disease state or to prevent tumour formation, or whether the vaccine is 
to be used in the treatment of an existing tiraiour. By way of example, 

25 subjects may receive from lug to 10.000|j.g of tiie peptide or polypeptide 
(which may be coupled to a suitable carrier protein), fusion protein or 
' conjugate compound according to the present hivention, more preferably 
50jig to g,000|iig, still more preferably lQO|jLg to l,0O0]j.g, and even more 
preferably lOOj^gto SOO^g. Adjuvants are not generally requii-ed. However, 

30 adjuvants may be used for immunisation. 

The peptide or polypeptide (which may be coupled to a suitable canier 
protein), fusion protein or conjugate compound according to the present 
invention maybe admimstered to subjects in concert with a cytoidne or otiier 
immune regulator (e.g. ono or more of GM-CSF, G-CSF, M-CSF, TNFa or J3, 

35 interferon a or y, any of E.1 through 1L13 , or any other cytoidne) . The 

Immune regulator may be adminislBied at the same or di^rent time.as the 
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peptide or polypeptide (which maybe coupled to a suitable carrier protein), 
fusion protein or conjugate compound according to tte present invention, 
optionally as part of a multi-component administration form. 

Jn. a fifth aspect, the present invention provides a mefhod foi' inducing 
5 a cell mediated immune response against mucin which comprises 

administering to a subject an effective amount of the peptide or polsrpeptide 
of the first aspect (which, may be coupled to a suitable canier protein), or a 
fusion protein comprising the peptide or polypeptide of the first aspect, 
optionally in combination with an adjuvant and/or a pharraaceutically 

.10 accepteible canier. 

. In a sixtli aspect, the present invention provides a method for inducing 
a cell mediated immune response against mucin which comprises 
administeiing to a subject an effective amount of a conjugate compound 
according to the second aspect, optionally in combinatian with an adjuvant 

15 and/or a pharmaceutically acceptable carrier. 

The administration to human iind animal subjects of the peptide ox 
polypeptide (which maybe coupled to a suitable canier protein), fusion 
protein or conjugate compound according to the present invention may 
provoke a potentiated cellulai' response of activated T-ljTuphocytes which are 

20 cytotoxic to cells ejxpressing mucins. A potential benefit of this invention 

arises from the fact that humans and animals may be protected against cancer 
prior to tumour growth, as tlie peptide or polypeptide (which may be coupled ■ 
to a suitable carrier protein), fusion protein or conjugate compound according 
to the present invention of the invention may provoke a cellular immune 

25 response to cytotoxic T-cells which kill tumour cells expressing mucin. This 
invention is apphcable to the immunisation against tumours of secretory 
tissue, such as adenocarcinomas, more particularly, tumours of ihe breast, 
ovary, pancreas, colon, hing, prostaiB and the like. 

The peptide or polypeptide (which may be coupled to a suitable carrier 

30 protein), fusion protein or conjugate compound according to the present 

invention may also be used as, or as a component of, therapeutic agents for 
the treatment of patients suffering from cancer, as a part of the overall 
ti'eahngnt for eradication or reduction of the cancer, Tlius, tiie peptide or 
polypeptide (which maybe coupled to a suitable carrier protein), fusion 

35 protein or conjugate compound according to the present invention may be 

administered to subjects suffering fyom cancer either befoie or after surgery to 
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remove a tumour. Preferably, the peptide or pol3rpeptide {wimh may be 
coupled to a suitable carrier protein), fusion protein or conjugate compqmid 
according to the present invention is administered as part of a 
chemothsrapeutic regime following tumour eixcislon. In such circumstances, 
5 the peptide or polypeptide (which may be coupled to a suitable catrier 
protBin), fusion protein or conjugate compound according to the present 
invention is administered in an amount c onsonant with standard 
chemotherapeuttc regimes for the administratioja of cytotoxic compounds for 
me in tumour tceatment 
.10 It is believed that the peptide or polypeptide (which may be coitpled to 

a suitable carrier protein), fusion protein and conjugate compound according 
to the present invention possess the advantage of being substantially non- 
toxic on administration to humans or animals, and as a consequence, are well 
tolerated. 

3.5 . In a further aspect, the present invention relates to the use of the 

peptide or polypeptide (which may be coupled to a suitable carrier protein), 
fusion protein or conjugate compound according to the present invention in ■ 
the treatment of adenocarcinoma, particularly breast cancer. 

In a stiilfurther aspect, the present invention relates to the use of the 

20 peptide or polypeptide (which may be coupled to a suitable carrier protein), 
fusion protein or conjugate compoimd according to the present invention to 
pulse dendritic cells for in wVo transfer and use as a vaccine. 

In yet a still further aspect, ihe present invention provides an isolated 
nucleic acid molecule comprising a nucleotide sequence encoding the 

25 peptide or polypeptide of the first aspect (which may be coupled to a suitable 
carrier protein), or a fusion protein comprising the peptide or poljrpeptide of 
the first aspect 

The nucleic acid molecule may be incorporated into a transfer or 
expression vector, or used in a DNA vaccine. Such nucleic acid molecules 
30 may be produced according to standard techniques either by cloning or 
syntiiesis as described in, for example, Sambrook et al. (7). 

In yet another aspect, the present invention provides a compound 
comprising a conjugate between MUCl and a carbohydrate polymer such as 
those discussed above, such that the conjugate is capable of eliciting a cell 
35 mediated immune response in a hnman or other animal. Preferably, the 
MUCl is human MUCl (e.g. HMFG) and the caibohydiate polymer is a 
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11 

polymer of mannose, pBffticuIarly oxidised mannose, or is oxidised mannan. 
The carbohydrate polymer may be Gonjugated to the MUCl at an amount 
within the range, for example, of about 1-10 mg per mg of MUCl, preferably 
about 5-8 nag per mg of MUCl, more preferably about 7 mg per mg of MUCl. 
5 The conjugate compomid may be used in a vaccine or a$ a therapeutic agent 
in a manner aMn to that discussed above. 

Throughout this specification the word "comprise", or variations such 
as "comprisss" or "comprising", will be understood to imply the inclusion of a 
stated element, integer or step, or group of elements, integers or steps, but not 
ao the exclusion of any other element, integer or step, or group of elements, 
integers or steps. 

Any discussion of documents, acts, materials, devices, articles or the 
lllcB which has been included in the present specificallon is solely for the 
purpose of providing a context for the present invention. It is not to be taken 
15 as an admission that any or aU of these matters ioxxa part of the prior art base 
• or were common general knowledge in the field relevant to the present 

invention as it existed in Australia before the priority date of each claim of 
this application. 

The invention will now be described with reference to the following 
20 non-limiting Examples and accompanying figures. 

Brief description of the accom.panying figm'esi 

Figure 1: Provides the amino acid sequence of a human MUCl protein 

(NCBI database AcGession No. M61170). 
25 Figm-e 2: Assay for HMFG and mannan. (a] Inhibition of binding of 

antt-MUCl antibody to HMFG by competitor preparations of HMFG (m) and 

mannan-HMFG (1). (b) Binding of marman-EBwIFG (1) and HMFG (m) to anti- 

MUCl antibody and Con A detected by a radioimmunoassay. 

Figure 3: Aak^MUCl double fa-ansgenic mice were immunised with 
30 mannan-HMFG and splenocytas were used in CTL assays. Cytotoxic activity 

of the effector cells were measm-ed on ^Icr-labelled MGF7 with (n) or 

without cold K562 (1); BT20 (p) or ME27Z (m]. 

Figure 4; G57BL/6 and BAIS/c mice were immunised witli mannaii- 

HMFGand splenocytes were used in CTL assays. Lysis of P815 (a) orEMA (c) 
35 cells pulsed with various 9-mer peptides from the intracellular peptide 471- 

493; Lysis of P81S (b) or EMA (d) cells pulsed with various 9-mer peptides 
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from tiie extracellular peptides 33-103 and 51-70 and (e) Lysis o£P815 ceils 
pulsed with YYQELQKDI (SEQ ID NO; 35] and EMA-MUCl cells pulsed witii 
SAPDMRPAL (SEQ ID NO: 36J , As controls for peptide pulsing and antigen- 
spedflc cell lysis, Isnown peptide antigens were used and are shavm in each. 
S panel and described in the text. 

Figures: Balb/c mice were immuiused with maiman-507-KLH and 
splenocyfes were used for GTL assays, The % lysis of '*Cr-labeIlfid P815 
target cells unpuised or pulsed with Gpl3-32 or 507 peptide at various 
effoGtor:target ratios were measured. 
10 Figure 6: Balb/c mice were inununised with maiiiian-471-KLH and 

splenocytes were used for CTL assays. The % lysis of "Cr-labelled P815 
tai^et cells unpuised or pulsed witli Cpl3-32 or 471 peptide at various 
. effectoritarget ratios were zaeasured. 

IS Abbreviationsi 

The following abbreviations are used in the Examples: 
ELISA; enzyme linked immunosorbent assay 
DTH: delayed type hypersensitivity 
EP: fusion protein 
20 GSTr glutathione-S-transferase 
HMFG; human millc fat globule ■ 
Kd; kilodaltou 

KLH: keyhole-limpet haemocyEinin 
PAGE; polyacrylamide gel electrophoresis 
-25 PBS: phosphate buffered saline 
SDS; sodium dodecyi sulphate 
Tc; cytotoxic T-lymphocytes 

EXAMPLE a 
30 1. INTRODUCTION 

Immunotherapeutic approaches for the treatment of breast cancer have 
included the use of monoclonal antibodies and the generation of cytotoxic T 
lymphocytes (CTL) [29-34] . The identification of target ctntigenSj the 
availabilitjr of recombinaat proteins and cytokines have given impetus to 
35 immunotherapy. Thus, there are new means by which to generate an effective 
cytotoxic T cell response to MUCl-expressing carcinomas of the breast and 
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other tissues [35]. MUGl is a paxttcuLarly attractive target for tie generation 
of GTL: it is immunogenic in mice for the production of antibodies and, more 
recenfly, the present inventors have described GD8+ GTL, and the MHC 
Class I H-2 and HLA-A*020l binding peptides have been mapped in the 
5 VNTR [36-39], Furthermore, in cancer oeils, there is up to a 100 fold increase 
. in the amount of mucin [40] and there should be a significant amount of 
MUCl peptide available to be bound by Class I molecules. The reason for the 
focus on the VNTR peptides is clear: it is the most immunogenic region in 
MfJCl when whole tumour cells or mucin extracts [HMFG] are used to 

10 immuiitiseinicefortiieproductionof antibodies [40], 

Because of this focus and the finding that non-HLA restricted GTL also 
are dii-ected to the VNTR, almost all interest in MUCl for GTL mduction has 
concentrated on VNTR peptides [37, 41, 42]. In contrast, the present example 
relates to the induction of GTL to non-VNTR epitopes, in the extracellulai 

15 and hitraceUular parts of MUCl identified by immunising mice with native 
mucin [HMFG] obtained from human breast miUc, or by immunising witla 
peptides as described herein. 

2, MATERIALS AND METHODS 

20 Mice and Tamour Cells 

BALB/c (H-Zd), CSTBI/e CH-2t), hiunan MUCl transgenic mica 
(obtained from B, Acres (Transgene, Strasbourg, France)), transgenic HLA- 
A*020l/Kb mice (H-a^) (obtained from The Scripps Clinic and Research 
Foundation, La Jolla, GA.) and double transgenic mice (ASK^MUGl) were 

25 bred at The Austin Research Institute (ART). The human MUGl in the MUCl 
ti'ansgenic mice (back crossed to DBA/2) is under the control of the human 
MUGl promoter; MUCl is expressed in the lung bronchioles, p-islets of the 
pancreas, kidney tubules and stomach [43]. The HLA-A*0201/K'' mice 
express a transgene composed of tlie al and c(2 domains of HLA-A*020l and ' 

30 . the aS contains the transmembrane and cj^plasmic domains of H-2K^ [44]. 
The double h'ansgemc mice were screened for expression of the HLA- 
A*0201/K:^ and human MUCl transgenes by flow cytometry with antibodies 
to HLA-A*0201 and MUCl. RMA-MUCl is a MUCl transfected (G57BI/6 (H- 
2l>)) lymphoma cell Hne [45]. Tm2ll is a MUCl transfected PB15 

35 mastocytoma (DBA/2 origin.; H-2d) obtained from B. Acres (Transgene, 

Strasbourg, France) [46]. All mouse cell lines were maintained in Dulbecco's 
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modified Eagles medium (IMElVf) with lOOlU/ml penicillin^ lOO^g/ml 
Streptomycin and 10% foetal calf serum (all from Commonwealth Serum 
Laboratories (CSL), Melbourne) and human cell lines in KPMI "mth the same 
additives in a 7% humidified GO2 incubator at 37"G, BALB/c, C57BI/B and 
5 double transgenic A2KbMUGl mice were immunised intraperitoneally with 3 
injections of 5}ig mannan-HMFG or HMFG on days 0, 10, 17 while HLA- 
A*0201/K^ mice were injected once. 

2.2 Synthetic Peptides 

Peptides (Table i) were synthesised at the AEtl; the puritjr of the 
10 peptides (>95%) was determined by mass spectroscopy. 

2. 3 Conjugation of HMFG to Maxm cm 

HMFG was isolated from hmnan inilk [49] and coupled to mannan. 
Mannan (1ml, 14mg/ml) in phosphate buffer (O.lM, pHB.O) was treated with 
sodium periodate (lOOjil, O.UvQ and incubated at 4°C for 30 min [48], 
15 Ethanediol (10|il) was added for 30 mins at 4° to stop the reaction, and the 
mixture was passed through a PDIO column (Pharmacia Biotech, Sweden), 
equilibrated in bicarbonate buffer (0,2 M, pH 9.0) and the oxidised maiman 
fraction was mixed with 1 mg of HMFG overnight at room temperature to give 
mannan-HMFG, 
20 2AT Cell Epitope Ptedi<Mon 

There are several CTL epitope prediction algorithms available and in 
this study we used the program' developed by Dr Kenneth Parker available on 
the internet (bjmas.dcrt.mh.gDv/molbiD/hla_bind/) to identify potential T cell 
epitopes. This program is based on scores given to the amino acids at each of 
. 25 the positions from 1-9 irom input sequences by comparison witli tlie reported 
databases {49, 50). Higher nmnsiical values for the 9-mer predict increased 
likelihood of being a T cell epitope. For example, the T cell epitope for 
ovalbiunin (K^, SilNFEKL; SEQ H) NO: 11) and papillomavims-lB E7 protein 
(Ijb RAHYNIVIT; SEQ ID NO: 12) gives scoies of 17 and 6 respectively. 
30 2.5 Cytoto:}dc T Cell and Cytotoxic T Cell Precursor (CTIp) Frequency Assays 

CTL assays were performed as described [37, 39, 48], Briefly, 7 to 10 
days after the final immunisation, splenocytes were harvested, washed and 
resuspended in growth medium and serially diluted in OO-well microtitre 
plates; A standard 3 hr ^^Cr release assay was performed with 1x10^ peptide 
35 pulsed or untreated P815 or SMA cells as targets at various effector;target 
ratios. Peptide pulsed P815 or JRMA target cells were prepared by overnight 

1 . ^' ' ' ■ 
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incdbatlon with Q-mer peptides (25Mgi'ml) [37J . For GTL assays with 
A2KbMUCl double transgenic effectors, MCF7 [MUC1+HLA-A*0201+) and 
BT20 (MUCl+Hi:A-A*020rj breast cancer cell lines or the ME272 (iVlUCr 
HLA-A*0201+) melanoma cell line was used as targets. Ail of these human 
5 tumour cell lines are susceptible to cell mediated lysis [39, 51, 52] , CTLp 
frequencies were determined from a minimum of 32 replicates, for at least 6 
effector cell numbers (1x10^ - l,28xlO^J. Cells were cultured in U-bottomed 
microtitre trays, witli 5x10^ mitomycin C treated BALB/c C57BL/6 (H- 

2b) or HLA-A*020l/Kb spleen cells, in DMEM supplemented with 10% foetal 

10 . calf serum, 5fjM of various MUCl peptides (Table 1) or HMTG and 10 U/ml 
rhIL-2. Seven days later, each microcultme was assayed for cytotoxicity by 
replacing 100|J,1 of culture medium with 100 target cell suspension 
containing 10^ 51Cr-labelled Tm211 (H^2'i), RMA-MUCl (H-Z^) Tumour or 
EBV tcausfonned human B cells (HLA-A*0201) or MCF7 as targets. As a 

15 specificity control non-MUCl expressing PSlStH-Z'i] or RMA(H-2b) cells 
were used. Cytotoxic activity was considered to be present if in each well 
^^Cr release was found 3 standard deviations above the mean isotope release 
from 10^ effectors cultured with stimulators only or from stimulator cells 
, with peptide only or rhIL2 only, A linear relationship (0.987< < 1) existed 

20 between tlie number of responder cells, represented on a linear scale, and the 
frequency of negative wells on a logarithmic sc^e. CTLp frequencies were 
determined as the inverse of responder cell dose requh'ed to generate 37% 
negative wells [53-55]. CTLp frequency assays were performed three times 
and the individual h-equencies did not differ by mare than 30% from the 

25 mean value. However, it should be noted that the CTLp frequency in 
immunised mice are direcdy correlated with'tumour protection (28), 
2.6 Inhibition EUSA 

An antibody inhibition ELISA was perfbimBd to compare the activiiy of 
I-aiFG before and after conjugation to mannan. Polyvinyl chloride plates 

30 were coated with 70 isX of 10 ng/ml HMFG in bicarbonate buffer t0.2M, 

piEi9,0) overnight at 4''C or 1 hr at 37°C and non-specific binding was blocked 
with 2% bovine serum albumin (BSA). Various concentrations of HMFG or 
mannan-HMFG were incubated with anti-MUGl antibody (VA2 [67], 1/200 
supernatant) for 3 hr and WO]Jil was added to PVC microtitre well plates 

.35 coatad with HMFG. After wasliing with phospliate buffered saline (PBS) 
con tain ing 0.05% Tween 20, 50nl of sheep anti-mouse immunoglobulin 
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conjugated to liorsBradisli peroxidase [Ameisham, UK) was added and 
incubated for a further 1 Iir at RT, After washing with PBS/Tween20, the piate 
was developed with the chromogBnic substrate 2,2"-azina-di(3- 
sthylbenzthiaafflliae) sulphonaie (ABTS) (Amersham, UK) and the absorption 
5 at 4fl5 urn recorded. 

2. 7 Radioimmunoassay 

A sandwich radioimmunoassay was performed to ascertain that the 
. mannari was covalently linked to HMFG. A miciotitre plate was coated witli 
serial dilutions of anti-MUCl antibody (BC2 [58]) in. bicarbonate buffer 

10 overnight and non-specific binding blocked as described above. HMFG or 
Mannan-HMFG was then added to the wells and incubated for 1 hr at RT 
followed by washing extensively with PBS containing 0.05% Tween 20, Fifty 
[d of radiolabelled concanavalin A, which binds specifically to mannan but 
not HMFG, was then added and the plate incubated for a furthei' 1 hr 

15 followed by washing with PBS/Tween 20. Microscint-O (IZOfil] was added to 
the wells, and plates counted in a !3-scintillation counter. 

3. RESULTS 

3.1 Preparation and Chmactei'isation ofmannan-HMFG 

20 The activity of the HMFG after conjtigation to mannan was determined 

by inhibition ELISA; the 50% inhibitory concentration for HMFG was 22 
lig/vol while for the raannan-HMFG was 20jiig/ml (Fig. la), i.e. HMFG retained 
full reactivity after conjugation to niannaii. The integrity of the mannan- 
HMFG complex was shown by a sandwich radioimmunoassay using anti- 
25 MUCl antibody bound to the plate and ^^Si^abellod Con-A for tlie read out 
(Fig lb). Non-conjugated HMFG did not bind '^^^I-Con-A-wMe mannan- 
HMFG bound demonstrating mannan to be linked to HMFG. 

3.2 CTL Responses to monnan-HMFG in BALS/c Mice 
Spleen cells, from BALB/c mice immunised with mannan-HMFG, were 

30 stimulated in vitro with different peptides (ftom both VNTR and non-VNlH 
regions. Table 1) and GTLp were determined by testing on target cells 
expressing native MUCl [Table 2). It was apparent that immunisation with 
mannan-HMFG leads to CTL reacting with epitopes feom the whole of MUCl, 
i.e„ from both the VNTR and non-VNTR region. 

35 The responses were :- 
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a) HMFG, When wbiol& MUGl (EMPG) protein was used as tJie soyice of 
stimulatmg peptides, a GTLp feequency of 1/9,700 was obtained. Qearly 
BMPG is immmogenic for CTL production in BALB/c mice and can be 
pracesssd to yield peptides presented by Class I molecules. 
5 b1 VNTR . When VNTR peptides Cpl3-32 and pl-SO were used to stimulate, 
GTLp frequencies of 1/7000 (Cpl3-32) and 1/13,200 (pl-SO) resulted, i.e., by 
immunising with BMFG, auti-VNTR CTL were produced, results similar to 
those found previously by immtinising with mannan-conjugated "VNTR 
peptides [47], This is the first description of such CTL obtained by 

ID immunising with native mucin which is glycosylated. 

cl Extracellular regions. "When in vitro stimulation was with peptides 
containing amino acids 31-55, 51-70, 33-103, 344-364, CTL could be detected 
with a frequency of l/ia,500 (31^5); 1/10.000 (51-70); 1/20,150 (33-103) and 
1/36,800 (344-364). Thus, CTL can be produced tso non-VNTR regions from 

15 the exti'acelMar region; this is tibe first description of such CTJL- 

d1 Intracellular regions, lliree different non-overlapping intracellular 
peptides containing amino acids 408-423, 471-493, B07^26, were examined 
using- the approach described above. CTLp frequencies of 1/30,000 (408-423), 
1/12,500 (471-493) and 1/22,500 (507-526) were obtained, amino acids 471- 

20 493 being the most effective to restimulate cytolytic cells. 

To demonsti-ate that the CTL were specific for MUCl sequences, and 
not due to non-specific killing by NK cells or other cells, PS15 target cells 
were used with a non-IyfUGl peptide, T4N1, as the pulsed antigen, GTLp 
either were not detected or the frequencies were < 1/200,000 and were 

25 considered to be negative (not shown). Of the different regions, 3 were of 
equivalent unmunogenicity (using CTLp frequency as a measure) : 
extracellular (51-70) = "VNTE (Cpl3-32) = intracellular (471-493). all of 
which gave a high frequency of ~ 1/10,000. 

In contrast, inununising BALB/c mice with non-conjugated HMFG, and 

30 stimulating with the VNTR peptide Cpl3-32, the CTLp ftequency was 
1/80,500. This frequency is similar to the GTLp freqiiency of 1/96,000 
obtained with mannan conjugated to a recombinant bacterial fusion protein 
containing 5 repeats of the MUCl VNTR (47) and, thus, conjugation of HMFG 
to mannan is nemssary for gene:iraiting a strong GTLp frequency in mice. 
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5.5 CTL Responses to maiinan-HMFG in C57BIJ6 mice 

C57BL/6 weie ittimnmised with mannan-HMFG andizi vitro stimulated 
with the same antigens used for the BALB/c mice (Table 2), There was a CTLp 
frequency of 1/13,500 for whole HMFG and 1/12,500 for the VIS)TR region 
5 peptide p 1-30 (Table 2}. Of the non-VNTR extracellular peptides, CTL were 
detected only to one extracellular peptide (344-364) with a frequency of 
1/24,500. CTL were not detected to any of the intracellular peptides. Again, 
the specificity of the GTL were cotLflrmed by using a non-MUCl peptide, 
T4N1, for stimulation and also using tiie non-MUGl transfected parent EMA 
10 cell line as the target. Thus, C57BL/6 mice can respond to both VNTR and 

non-VNTR peptides, but there were no responses to certain peptides to which 
BAXB/c mice responded. 

■ 3.4 Cellular Immune Responses to mcamcat-HMFG in Transgenie HIA- 
A*0201/^Mice 

15 Transgenic HLA-A*020l/Kt> mice were immunised once with mannan- 

HMFG (noi; x3 as used above), s timiilated izi vit-o witli either HMFG, the 
VKYR peptide (pl-30J or one of the extracellular peptides (31-55], The CTLp 
were measured on human KBVHLA-A*0201+ cells (ses below) and 
frequencies were 1/39,000 (HMFG), and 1/33,000 (VNTR pl-SO), wliich 

20 compai'B favDiu:ably with immunisation with mannan-VNTR peptide 

(1/48,000) i.8., whole HMFG is as Inununogenic as VNTR (Table 2j. Fmther, 
when an extracellular peptide (31-55) was used, the CTLp fi'equency was 
1/40,000, i.e., the same as that found for VNTR. Thus, HLA-A*0201 can 
present extcacelluiar and VNTR peptides. It should be noted Hxat, the target 

25 cell being EBV ti'ansformed B cells, which expresses HLA-A*0201 but not H- 
2^ class I molecules (expressed by the immunised mice), the GTLs detected 
were resbicted to HLA-A*0201 presenting MUCl peptides. 
3.5 Cellular Immune Responses to Mannan-HMFG in A2i:pMUCl Double 
Draasgenic Mice 

30 To ascertBon the ability of MUCl CTL to lyse MUGl positive breast 

cancer cells A2KbMUCl double transgenic mice injected with mannan HMFG 
3 times were stimulated in vitro with either HMFG, the VNTR peptide (pl- 
30), extracellular peptides (31-5S, 344-364) or intracellular peptides (408-423, 
471-493, 507-526] (Table 2), There was a CTLp frequency of 1/2,000 for the 

35 whole HMFG and 1/8,000 for the VNTR region peptide pl-30. GTL were 

detected to the extracellular peptides 31-55 and 344r364 with a frequency of 
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1/2,000 and. 1/11,000 respectively. Of the intraceUular peptides, CTL were 
detected for only peptide 408-423 witJa a frequency of 1/20,000, 

Spleens of the immunised mice were used in a direct CTL assay to 
ascertdn specificiiy of the anti-MUGl CTL. As seen in Figure 2, MUCl CTL 
5 lysed 66% of MUC1+ MCF7 (BLA-A*0201) breast carcinoma cells at an E:T 
ratio of 12:1 and was reduced to 17% when incubated in the presence of cold 
K562 targets. 'Hie MUCl CTL weie HLA restricted as no lysis was detected 
when tile MUC1+ BT20 (HLA.-A1) breast CBncer cell lins was used. The 
MUCl CTL did not lyse the MUGl -ve melanoma cell Hne ME272. 

■10 Thus, immunisation of A2KbMUCl mice with mamian-HMFG resulted 

in specific Class I restricted CTL that can lyse tumour cells expressing native 
MUCl and, moreover, anti-MUCl CTL can be generated in mice in tlie 
presence of endogeneously expressed human MUCl. 
3.6 T CeU Epitope Prediction and Mapping 

IB To precisely map the T cell epitopes iQvolved in CTLp generation, a 

large number of overlapping 9-mer peptides would have to be sjnthesised 
and used in CTL assays. Instead, a CTL epitope prediction program was used 
to select putative immunogenic peptides and these were synthesised to test 
their antigenicity. 

20 Predicted H-2^-restriGtBd peptides fintracelUilar ragjon MUGl) 

Several peptides {NYGQLDIPP(K'i) SEQ ED NO: 13; YGQLDIFPA(Dd) 
SEQ ID NO: 14; I<NYGQLDIF{Ld), SEQ ID NO: 15) were contained in 471-493 
[CTLp frequency^ 1/12,500) and had predicted scores 6, 6 and 10 respectively 
(Table 3). To ascertain if the predicted 9-mers are presented by the Glass I 

■25 molecules, cytotoxic T cell assays were performed using spleen cjells from 
mannan-HMFG immunised mice as effectors and P815 target ceils were 
pulsed with the synthetic peptides, These were NYGQLDXFPCKd) (SEQ ID 
NO: 13), YGQLDUPA(Dd) (SEQ ID NO; 14), KNYGQLDIF(Lfi) (SEQ ID NO: 

15) . The pulsed cells were not lysed by Mannan-HMFG derived CTL from 

30 BAlB/c mice (Figure 3a), i.e., the CTL epitopes were not predicted accurately 
by the algorithm. The MUCl VNTR peptides SAPDTRPAP(Dd) (seq jd NO: 

16) and APDTRPAPG (L^) (SEQ ID NO: 17) identified previously as CTL 
epitopes in the VNTR region [38], were used as positive controls and 62% and 
50% lysis at an E:T ratio of 50:1 was obtained. The iisteriolysin K*^ peptide 

35 (GYKDGNEYt; SEQ ED NO: 18) and HEVD"^ peptide 
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(SKSIRIQRGPGRAFVTIGKGKGKGY; SEQ ID NO: 19}, used as nega«ve 

controls, did not give rise i» lysis (Pig. 3a), 

Predicted H-2'^jfe8ti'ictgd psptides faxbaoellular lemon MUCH 

A number of Q-mer peptides in the exta-acellular region aia predicted to 
5 be CTL epitopes [{AVSldTSSVL(Kd), SEQ ID NO: 20; TTQGQpVTL(K<i), SEQ 
ID NO; 21; NAVSaVETSSVOKd), SEQ ID NO: 22; TSATQRSSV(K"i), SEQ ID NO: 
23; SSriX;GQDV(K<J), SEQ ID NO: 24; SVPSSn3KN(D'i), SEQ ID NO: 25; 
E?ASGSAAT(Ld), SEQ ID NO: 26; SPGSGSSTT(Ld), SEQ ID NO: 27; 
VPSSTEKNACL^), SEQ ID NO: 28; TPGGEKETS(Ld3, SEQ ID NO; 29; 

10 TSATQRSSV(Ld], SEQ ID NO: 30; SSTTQGQDV{Ld), SEQ ID NO: 24] and 

were contained in peptide 33-103 (CTLp frequency- 1/20,150) with scores of 
58, 40, 29, 10. 10, 2,9, 39, 39, 36, 30, 10 and 10) respectively. A subset of 
thesG peptides were also contained in tlie 51-70 peptide(CTLp 
feBquenGy=l/lO,000) (Table 3). Of tiiese, four were made [AVSMrSSVL(K'^}, 

15. SEQ ID NO; 20, NAVSMrSSV[Kd), SEQ ID NO; 22; VPSSTE3KNA(L«i), SEQ ID 
. NO: 2B; SVPSSTEKN (Dd), SEQ ID NO; 25) and tested. Three of tlie four 
peptides were indeed presented and one was not. The synthetic peptides 
AVSMTSSVL(Kd), SEQ ID NO: 20; NAVSMrS3V[Kd], SEQ ID NO: 22 and 
VPSSTEKNA(L^), SEQ ID NO; 28 sensitised P815 target cells witli 77%, 80% 

20 " and 78% lysis at E;T of 50 : 1 respectiTCly, while SVPSSTEKN (with the lowest 
predictive value) was inactive (Figure 3b). Therefore, AVSMTSSVL, SEQ ID 
NO: 20; VPSSTEKNA. SEQ ID NO; 28 and NAVSMTSSV, SEQ ID NOi 22 are 
CTL epitopes in peptides 33-103 and 51-70. 
Predicted H-2^ restricted peptides, 

25 Even though tliei'e were fewer identified peptide epitopes for C5 7B176 

mice, there are a large number of potential GTL epitopes present in the 
peptides, albeit with low scores (Table 3). The 9-nier CRRKNYGQL (D^, K^), 
SEQ ID NO: 32 was contained in 471-493 fCTLp not detected) and had scores 
of 10 and 1,4. It weakly sensitised KMA targets to lysis by mannan-HMFG 

30 CTL with 20 % lysis at a E:T of 50:1 and 42% lysis at E:T of 100:1 (Figure 3c) . 
The MUCl WTR peptides APGBTAPPA (D^), SEQ ID NO: 33 and 
SAPDTi?PAP (Kb), SEQ ID NO: 16 were used as positive specificity controls, 
where lysis of 70% and 80% were obtained while no lysis was detected for 
the ovalbumin 9-mer SIINFEKL, SEQ m NO: 11 and Adenovirus D^ 9-mar 

35 (used as negative specificity controls] . The Q-mer peptides STEKNAVSM{Db), 
SEQ ID NO: 34; AVSMrSSVL{Dl>), SEQ ID NO: 20 and AVS]VITSSVL(Kb), 
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SEQ ID NO: 20 were contained in the peptides 33-103 and 51-70 "with scores 
of 15, 10 and 1.2. All of these three peptides weakly sensitised EMA targets to 
lysis [ -20% at 50:1 and -40% lysis at E:T of 100:lj (jFiguie 3d). There were 
no GTL reactix'e to peptides 31.-55 and 5 1-70 in C57BL/6 mice. 
B Two high scoring GTL epitopes predicted from ihe whole MOCl 

molecide from the intracellular region (TYQELQKDI(K'l), SEQ ID NO; 35 
score 2880) and extracellular region N-terminal to the YNTR 
(SAPDNRPALfDb}, SEQ ID NO; 36 score 4723) with scores of 2880 and 4723 
sensitized EMA and P815 target cells to 50% lysis at an E:T of 50:1 (Figvire 
10 3e], Therefore, several T cell epitopes are present in the non-VNTE. regions of 
the MUCl molecule and 9-mer peptides can be presented by target cells to 
GTL generated by mannan-HMFG immmusation, 

4. DISCUSSION ^ 

15 PxevioTos immnnisation studies by the present inventors used a MUCl 

fusion protein containing 5 repeats of the VNTE. linked to mannan (MFP) and 
this generated strong cellular responses to MUCl characterised by the 
production of IFN-y, 11-12, very little IgG2a antibody and protection from 
tumour growth [36, 48], Immune responses in humans have also shown 

20 proniise for the therapeutiG use of IVfUCl antigens as in a Phase I cUnical trial 
using MFP, 4 of 16 patients generated proliferative responses, 13 of 25 
showed high levels of MUCl specific senun antibody and 2 of 10 generated 
GTL to MUCl [59]. However, in vitro peptide binding studies and in vzVo 
studies using transgenic HLA-A*D20l mice demonstrated that the VNTR 

25 sequences can only be presented by HLA-A*0201 and HLA-A* 1101 [39, 60], 
and studies thus far have concentrated on the KlUGl VNTR because of its 
pa-efsrential immunogenicily in mice, at least for antibodies, and because of 
evidence from humans implicating the VNTR in immune responses. Other 
protein sequences of MUCl have not been examined for their cellular 

30 immuniiy. In the past, the present inventors have sought monoclonal 
antibodies'io non-VNTR regions in mice inmitmised with MUGl; none 
resulted and none were found in an international study. Scanning the whole 
MUCl sequence for potential T cell epitopes predicted many previously 
untested peptides. The inventors have therefore immunised mice with 

35 mannan conjugated HMFG, to provide all possible MUCl epitopes but 

dependent on natui'al antigen processing for their presentation, and showed 
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that cellular imtntme responses to the non-VNTR regions of the MUCl can. be 
generated wMch are as affactive as those generated to the VNTR and fmttiax 
both HLA-A*020l and AZIcbMUGl transgenic mice could be immunised, 
indicating that bumans should also be able to be immunised. 
5 Cellular responses could be dBtected to the extracellular region of 

MUCl, the WTR and also to intracellular peptides in mannan-HMFG 
immunised BALB/c, C57BI/6, HLA,-A*0201^b and double transgenic 
AaK^iVfUGl mice. Immunised BALB/c mice developed CTL that could 
respond to more non-VNTR CTL epitopee than C57BL/6 mice, in which only 

10 the 344-364 peptide and SAPDNEPAL (SEQ ID NO: 36) was recognised by 
CTL (Table 2, Figure 3e). 

Of the various peptides used for restimulation, several possible 
candidate 9-mer epitopes could be predicted using the peptide motif search 
program (Table 3). In BALB/c mice, the precursor frequency for llxe 471-493 

15 peptide was 1/12,500, however the predicted epitope peptides JSIYGQLDIFP 
(SEQ ID NO: 13), YGQLDIFPA (SEQ ID NO: 14) and KNYGQLDIF (SEQ ID 
NO; 15) were not able to sensitise P815 targets for lysis by mannan-HMFG 
CTL (Figmie 3a). Tlierefore, either the stimidating CTL epitope was not 
correctly identified by the algoritlim or these synthetic peptides were not 

20 appropriately processed and presented by the target cells. In contrast, several 
9-mers present in the 33-103 and 51-70 sequences (AVSMTSSVL SEQ ID NO: 
20: NAVS WSSV, SEQ ID NO: 22 and VPSSTEKNA. SEQ ID NO: 28) were 
identifiad as functional CTL epitopes in the lysis assays (Figure 3b). 

In C57BI/6 mice, the CRRKNYGQL, (SEQ ID NO; 32), STEKNAVSM 

25 (SEQ ID NO: 34) and AVSMTSSVL (SEQ ID NO: 20) peptides from the 51-70 
and 471-493 sequences sensitised RIvIA cells for lysis however no CTLp were 
identifiBd by restimulation with the larger peptides. This observation could 
result from the three 9-mers not being processed and presented by the 
MUG1+ cells. 

30 Fluther analysis of the entire MUCl sequence using the T ceU epitope 

algorithm for mouse B^, lA, k^, D^", and human HLA-Al, HLA- 
A*02ai, HLA-A3 and HLAA24 epitopes show several candidate Q-mers for 
presentation by mouse or human cells, ,Of these g-mer pepEides, SAPDNKPAL 
pb), (SEQ ID NO: 36) and YYQELRDI (K^) (SEQIDNO: 35) were synthasised 

35 and both were very efficient in sensitising P815 or KMA cells for lysis by 
mannan-HMFG CTL (Kgure 3e) . It is apparent in this study and others that 
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the piediction of CTL "epitopes is not always accurate, A compaiisoit of lie 
predicted and expeiimenlally determined T cell epitopes for the VNTR region 
illiistrates that the lower scores do not necessarily predict a lack of 
presentation or antigenicity (Table 4). For example, SAPDTRPAP (SEQID 
5 NO: 16) peptide has been confijmed to be a K^-iestricted epitope by class I 
stabilisation when incubated with the TAP defective EMA-S cells as well as 
by lysis of peptide pulsed EMA cells [Figure 3c), however the predicted score 
is only 0,004 ([38j). Similarly, the L^- and was not predicted acciirately 
[38]. The HLA-A*0201 TceU epitope, STAPPAHGV (SEQID NO; 37) 
10 identified independently by epitope mapping [39] was predicted albeit with a 
low score. The prediction algorithms act as a guide, to the probability of 
emtigen presentation, but the in vivo response will be defined by antigen 
processing, iinmunodoniinaiice, T-celi repertoire, glycosylation and other 
. unktiOTim factors [61, 62]. 
15 The whole MUGl protein in purified form has not previously been 

used to innnnnise mice to generate cellular immimiiy, although several other 
immunisation methods have been used. The whole MUGl protein has been 
delivered in a vaccinia construct (46, 63], as a construct in DNA 
immunisation [64], in b-ansfected dendritic cells [65] and in transfected EBV~ 
20 B cells [66] . In none of these studies was the specificity of the CTL 

ascertained. However, the importance of using glycosylated MUGl (as HMFG) 
should be stressed. Other studies, in mice and humans have used non- 
glycosylated pepiides which have led to antibody production in both IvIUCl 
transgenic mice [67] and in humans [59, 68, 69]; in these studies it was 
25 considered that B cell and at times T cell tolerance had been overcome but, 
with respect to antibodies, the non-glycosylated peptides represent novel 
antigens and the response is not surprising, However, in the studies described 
herein, native glycosylated mucin (HMFG) linked to mannan successfully 
primed CTL in several strains of mice including A2KH4UC1 transgenic mice. 
30 Mannan-HMFG gave a higher CTLp frequency in AZK^MUCl mice (1/2000) 
compared to BALB/c or C57BI/8 mice and could be due to either the different 
strain of mice or to the presence of a higher affinity HLA-A*0201 CTL 
epitope. In BALB/p mice, I-IMDFG gave a CTLp frequency of 1/80,600. Tliis wag 
comparable to the CTLp frequency in mice imtnimised with a non- 
35 glycosylated form of MTJGl.VNTR [47], i.e., both glycosylated and non- 
glycosylated forms of the. VNTR were equally immmogenic provided they are 
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presented, -svith oxidised, meuman. Clearly, the caibohydrate coaling did not 
obscure "the underlying peptide. Thus, maimaji-HMFG is able to break 
tolerance in. A2K'^MUG1 tL-ansgenic mice by producing GTLs to peptides in 
the VNTR, the extracellular' region and the iatracellular region in MQCl, 
5 These results reinforce the concept that MUCl should be a useM target in 
therapy. 

Tlie use of mannan-HMFG in humans warrants some discussion in that 
MOGl is present on some normal cells such as pancreas, kidney. Hence, it is 
possible that immune responses may be generated to these tissues and give . 

10 lise to autoimmunity. Thus far in our clinical trials using MUCl VNTR 

coujugatsd to mannan no autoiraunaimity was detected, however, careful dose 
escalation studies and monitoring is necessary [59J. The HMFG obtained 
directly from donors is likely to be less preferred for use and recombinant 
material may be more appropriate. However, using recombinant material, the 

15 high level of giycosylation of the HMFG should be kept in mind. Presumably, 
a eukaryotic vector will be necessary. Thirdly, we have recently shown that 
the VNTR peptides can deviate the immune response towards antibodies, 
because of a cross reaction with existing, natural human antibodies [70] . 
Such a deviation may occur when using whole MUCl, 

20 

EXAMPLE a 

The non-YNTR peptides were coupled to keyhole limpet hemocyanin 
(KLH| using gluteraldehyde and then reacted with oxidised mannan as 
follows: 

~3S Two mg of the peptide 471 or 507 was dissolved tn 1, 75 ml phosphate 

buffer and mixed with 0.25 ml 1<LH (2mg/mi), treated with ami of 0.25% 
glutaraidehyde and' allowed to mix in the dark overnight at room 
temperature. The mixtuie was dialysed into phosphate buffer overnight. The 
dialysed nuxture was mixed with 1 ml oxidised mannan prepared as 

30 described in European Patent Application No, 94303817.4 and allowed to 
stand overnight 

BALB/c mice (6-8 weeks) were immunised intraperitoneally with 5 
micrograms Mannan-peptide KLB. on days 0, 10 and 17 and CTL activi ty in 
splenocytes determined as described, Non-YNTR peptide conjugated to 
35 mannan showed positive responses in the CTL assay [Flgnres 4 and 5) 

compared to the positive controls (VNTR peptides conjugated to mannan). 
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E?LAMPLE3 

Tiie non-leader, non-VNTR peptides and polypeptides may also be 
used for tide preparation of DNA vaccines. Tins can be performad by nsing 
5 established piocedmes in DNA cloning and nticlelc acid vaccination. For 
example, the nucleic acid sequence encading one or more of the non-leader, 
non-VNTR peptides and polypeptides, with nscessaxy restriction enzyme 
sites at the 3 and 5' ends can be synthesised in a automated DNA synthesiser 
and cloned into a suitable vector such as pcDNA3 or pSV3 [72]), The clones 
10 can be screened for incorporation of the nucleic acid sequences by restriction 
enzyme digests or protein expression. The DNA can then be injected into 
various sites in humans and otlier animals for immunisation. 
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It will be appreciated by persons skilled in tlie art that numerous 
variations and/or modifications may be made to the inventioii as shown in the 
specific smbodimants -without departing from the spirit or scope of the 
invention as broadly described. The present embodimeaits are, therefore, to 
be considered in all respects as iUustrative and not restrictive. 
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Sequence liating ; 

SEQUENCE LISTING 

<110>- The Austin Reseairch Institute 

<120> Mitigens and thexj: use in immunotherapy 

<160> S6 

<170> Patentin Ver. 2.1 

<2ao> 1 

<2H> 9 
<212> PRT 

<213> Homo sapiens 
<400> 1 

Leu Leu Leu Leu Shr Val Leu Thr Val 
1 5 



<210> 2 

<211> 25 

<2].2> PRT 

<213> Homo sapiens 

<400> 2 

Thr Ely Ser Gly His Ala Ser Ser Thr Pro C31y Giy Glu Lys Giu Thr 
15 10 IS 

Ser Ala Thr Gin Arg Ser Ser Val Pro 
20 25 



<210> 3 
<211> 20 
<212> PRT 

<213> Homo sapiens 
<4O0> 3 

Arg Sar Ser Val Pro Ser Ser Thr Glu Lys Asn Ala Val Ser Met Thr 
15 10 15 

ser Ser Val Leu 
20 



<210> 4 
<211> 71 
<212> PRT 

<213> Artificial Sequende 
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<220> 

<223> i)e.3cy:.ipt±oii of Artificial Sequence; 

Glutatliione-S-transferase fusion protein 

<400> 4 

Ser Sly His Ala Ser Ser Thr Ero Gly Gly Glu Lys Gin Thr 3er Ala 
15 ID 15 

Thr Gin Arg Ser Ser Val Pro Ser Ser Thr Glu Lys Rjsn Ala Val Ser 
20 25 30 

Met Thr Ser Ser Val Leu Ser Ser His Ser Pro Gly Ser 6iy Ser Ser 
35 40 45 ' 

Thr Thr Gin Gly Gin Asp Val Thr Leu Ala Pro Ala Thr Glu Pro Ala 
50 55 60 

Ser Gly Ser Ala Ala Thr Trp ■ 
65 70 



<210> 5 
<211> 473 
<212> PRT 

<213> Hoitio sapiens ■ 
<400> 5 

Met Thr Pro Gly Thr Gin Ser Pro Phe Pha Leu r.eu Leu Leu Iicu Thr 
1 5 10 15 

Val Leu Thr Val Val Thr Gly Ser Gly His Ala Ser Ser Thr Pro Gly 
20 25 30 

Gly Glu Lys Glu Thr Ser Ala Thr Gin Arg Ser Ser Val Pro Ser Ser 
35 40 45 

Thr Glu Lys Asn Ala Val Ser Mat Thr Ser Ser Val Leu Ser Ser His 
SO 55 60 

Ser Pro Gly Ser Gly Ser Ser Thr Thx Gin Gly Gin Asp Val Thr Leu 
65 70 ' 75 80 

Ala Pro Ala Thr Glu Pro Ala Ser Gly Ser Ala Ala Thr Trp Gly Gin 
85 90 . 95 ^ 

Asp Val Thr Ser Val Thr Arg Pro Ala Leu Gly Ser Thr Thr Pro Pro 
100 105 110 

Ala His Asp Val Thr Ser Ala Pro Asp Asn Lys Pro Ala Pro Gly Ser 
lis 120 125 ■ 

Thr Ala Pro Pro Ala His Gly Val Thr Ser Ala Pro Asp Thr Arg Pro 
130 135 140 

Ala Pro Gly Ser Thr Ala Pro Pro Ala His Sly Val Thr Ser Aia Pro 
145 150 155 ' 160 
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ThJ: Ser Ala Ser Gly Ser Al^ Ser Gly Ser Ala Ser Thr Leu Val His 
3,80 185 190 



Ser Wis Ser Thr Lys Thr Asp Ala Ser Ser Thr Hi3 Bis Ser Thr Val 
225 230 235 240 

Pro Pro Leu Thr Ser 3er Asn His Ser Thr Ser Pro Gin Leu Ser Thr 
245 250 255 

Gly Val Ser Phe Ehe Phe Leu Ser Phe His He Ser Asn Leu Gin Ehe 

250 265 270 



Arg Asp lie Ser Glu Met Phe Leu Gin lie Tyr Lys Gin Gly 5ly Phe 
290 - 295 300 

Leu Gly Leu Ser Asn He Lys Phe Arg Pro Gly Ser Val Val Val Gin 
305 310 313 320 



'i'hr lie ser Asp Val Ser Val Ser Asp Val Pro Phe Pro Phe Ser Ala 
355 360 365 

Gin Ssr Gly Al^ Gly Val Pro Gly Trp Gly He Ala Leu Leu Val Leu 
370 375 ■ 380 

Val eye Val Leu Val Ala Leu Ala He Val Tyr Leu Ila Ala Leu Ala 
385 390 395 400 



Ala Arcr Asp Thr Tyr His Pro Met Ser Glu Tyr Pro Thr Tyr His Thr 
420 425 430 

His Gly Arg Tyr Val Pro Pro Ser Ser Thr Asp Arg Ser Pro Tyr Glu 
435 440 445 ' 

Lys Val Ser Ala Gly Asn Gly Gly Ser Ser Leu SeJr Tyr Thr Asn Pro 
450 455 460 . 
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Ala Val Ala M.a Thr Ser Ala Asn Leu 
465 470 



<210> 5 

<Zll> 9 

<212> BRT 

<213> Homo sapiens 

<400> S 

Ser Ala Pro Aap Asn Arg Pro Ala Leu 
1 5 



<210> 7 

<211> 21 

<212> PRT 

<213> Homo sapiens 

<400> 7 

Asn Ssr 3ar Leu Glu Asp Pro Ser Thr Asp Tyr Tyr Gin Glu Leu Sin 
15 10 15 

Arg Asp He S^jc Glu 
20 



<210> a 
<211> 16 
<:212> PRT 

<213> Homo sapiens 
<400> 8 

Thr Gin Phe Asn Sin Tyr Lys Thr (31u Ala Ala Ser Arg Val Aan Leu 
15 10 15 



<210> 9 

<211> 23 

<212> PRT 

<213> Homo sapiens 

<400> 9 

Ala Val Cys Gin Cys Arg Arg Lys Asn Tyr Gly Gin Leu Asp lie Phe 
1 5 , 10 15 

Pro Ala Arg Asp Thr Tyr His 
20 



<210> 10 
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<211> 20 
<2a2> ERT 

<213> Homo sapiens 
<400> 10 

Tyj: Val Pro Pro Ser 5er Thr Asp Arg 3ej: Ero Tyr Glu Lya Val Sar 
1 5 10 15 

Ala Gly Ash Gly 
20 



<210> XI 

<2I1> 8 

<212> ERT 

<213> Homo sapiens 

<4O0> 11 

Ser lie lie Asn Phe Glu Lya Leu 
1 5 



•<210> 12 
<211> 9 
<212> 5RT 

<213> papillomavirus-16 

<400> 12 

Acg Ala His Tyr Asn lie Val Thr Phe 
1 5 



<210> 13 

<211> 9 

<212> PKX 

<213> Homo sapiens 

<400> 13 

Asn Tyr Gly ein Leu Aap lie Phe Pro 
1 5 . ■ 



<210> 14 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 14 

lyr Gly Gin Leu Asp He 5he Vro Ala 
1 5 
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<210> IS 

<211> 9 

<Z12> PRT 

<213> Iloffio sapienss 

<400> 15 

Lys Asn Tyr Sly Gin Leu Asp lie Phe 
I 5 



<210> 16 

<2X1> 9 

<212> PRT 

<213> Homo sapiens 

<400> 16 

Ser Ma Pro Asp Thr Arg E.to Ala Pro 
1 5 



<210> 17 

<2U> 9 

<212> PRT 

<213> Homo sapiens 

<400> 17 

Ala Pro Asp Thr Arg Pro Ala Pro Gly 
1 5 



<210> 18 
<211> 9 
<212> PRT 

<213> Unknown Organism 
<220> 

<223> Description of Unknown Organism: listeriolysin Kd 
peptide 

<400> 18 , 
Gly Tyr Lys Asp Gly Asn Glu Tyr rle 
■ 1 5 



<210> 19 
<211> 23 
<212> PRT 

<213> Human inmnuiodeflcienGy virus 
<40C> 19 

Arg Lys Ser lie Arg lie Gin Arg Gly Pro Gly Arg Ala Phe Val Thr 
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He Gly Lys Gly Lys Gly Lys Gly Tyr 



<210> 20 
<211> 9 
<212> PRT 

<213> Homo sapiei 



<210> 21 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 21 

Thr Thr Gin Gly Gin Asp Val Thr Leu 



<210> 22 
<21I> 9 

<212> PRT 

<213> Homo sapiei 



<210> 23 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 23 

Thr Ser Ala Thr Gin Arg Ser Ser Val 



<210> 24 
<211> 9 

<212> PRT 

<213> Hoiao sapiens 
<400> 2.4 

■ gej: Ser Thr Thr Gin Gly Gin Asp Val 
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<210> 25 
<21X> 9 
<212> PRT 

<213> Homo sapiens 
<400> 25 

Ser Val Pro Ser Ser Thr Glu Lys Asn 
• 1 5 



<210> 26 

<211> 9 

<2X2> PRT 

<2l3> Homo sapiens 

<40G> 26 

Glu Pro Ala Ser Giy Set Ala JVla Thr 
1 5 



■<210> 27 

<211> 3 

<212> PRT 

<213> Homo aapiena 

<400> 27 

Ser Pro Gly Ser Gly Ser Ser Thr Thr 
1 5 



<2i0> 28 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4G0> 28 

Val Pro Ser Ser Thr Glu Lye Asn Ala 
1 5 



<210> 25 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 23 

Thr Pro Gly Gly Glu I,yB Glu Thr Ser 
1 5 



WO01«70S8 



PCT/AUOl/00090 



47 



<210> 30 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 30 

Thr Sec JU.a Thr Gin Arg Ser Soi: Val 
1 5 



<210> 31 

.<2H> 9 

<212> PRT 

<213> Homo sapiens 

<4G0> 31 

Thr Ala Seo Pro Ala His Gly Val 5hr 
i 5 



<210> 32 
'<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 32 

Cys Arg Arg Lys Asm Tyr Gly Gin Leu 
" 1 5' 



■<210> 33 
<211> 9 
<212> PRT 
<213> Homo sapiens 

<4 00> 33 

Alei Bxo Gly Ser Thr Ala Pro Pro Ala 
1 5 



<210> 34 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 34 

Ser Thr Glu Lys Asn Ala Val Ser Met 
1 5 



<210> 35 



wo 01/57068 



PCT/AUOl/00090 



4B 



<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 35 

Tyr Tyr Gin Glu Leu Gin Arg Asp lie 
1 5 



<210> 36 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 36 

Ser Ala Pro Asp Asn Arg Pro Ala leu. 
1 5 



<210> 37 

<211> 9 

<212> PBX 

<Z13> Homo sapiens 

<400> 37 

Ser Thr Ala Pro Pro fa,s. His Gly Val 
1 5 



<210> 38 ■ 

<211> 32 

<212> PRT 

<213> Homo sapiens 

<400> 38 

Pro Asp Thr Arg Pro Ala Pro Gly Ser Thr Ala Pro Pro Ala His Gly 
1 5 10 15 

Val Tht Ser Ala Pro Asp Thr Arg Pro Ala Pro Gly Ser Thr Ala Pro 
20 25 30 



<210> 39 
<211> 21 
<212> PRT 
<213> Homo sapiens 

<400> 39 

Cys Pro Ala His Gly Val Thr Sej: Ala Pro Asp Thr Arg Pro Ala Pro 
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<210> 40 

<211> 30 

<212> PM? 

<213> Homo sapiens 

<400> 40 

Fro Asp Thr Arg Pro Ala Pro Gly Ser Thr Ala Pro Pro Ala His Gly 
.1 5 10 15 

Val Thr S^r Ala Pro Asp Thr Arg Pro Alg Pro Gly Ser Thr 
20 25 30 . 



<210> 41 
<211> 21 
<2a2> PRT 

<213> Homo sapiens 

<4D0> 41 

cys Tyr Val Pro Pro Ser Ser Thr Asp Arg Ser Pro Tyr Glu lys Val 
15 10 15 

Ser Ala Gly Asn Gly 
20 



<:210> 42 
<211> IB 
<212> PRT 

<213> Mus Kius cuius 
<400> 42 

Lys Thr Leu Val leu Gly Lys Glu Gin Glu Ser Ala Glu Leu Sro Cys 



<210> 43 
<211> 23 
<212> PRT 

<213> Homo sapiens 
<400> 43 

Ala Val Cys Gin Cys Arg Arg Lys Asn Tyr Gly Gin Leu Asp lie Phe 
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ero iU.a Arg Aap Thr Tyr His 
20 



<210> 44 
<211> 16 
<212> PRT 

<213> Honio sapiens 
<400> 44 

Thr Gly Phe Asn Gin Tyr Lys Thr Glu Ala Ala Ser Arg Tyx Asn Leu 



<210> 45 
<211> 71 
<212> PRT 

<213> Homo sapiens 
<400> 45 

Ser Gly His Ala Ser Ssr Thr Pro Gly Gly Glu Lys Glu Thx Ser Ala 
IS 10 15 

Thr Gin. Arg Sar Ser Val Pro Set Ser Thr Glii Lys Asn Ala Val Ser 
20 2S 30 

Met Thr Ser Ser Val Leu Ser Ser His Ser Pro Gly Ser Gly Ser Ser 
35 40 45 

Thr Thr Gin Gly Gin Asp Val Thr Lau Ala Pro Ala Thr Glu Pro Ala 
50 55 60 

Set Gly Set Ala Ala Thr Trp 
65 70 



<210> 46 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 46 

Cys Tyi Val Pro Pro Ser Ser Thr Asp 
1 5 



<210> 47 
_<211> 9 
'<212> PRT 

<213> Rcpiao sapiens 

<400> 47 

Gin She Asn Gin Tyr Lys Thr Glu Ala 
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<210> 4B 

<211> S 

<212> BRT 

<213> Homo sapiens 

<400> 48 

Gin Tyr Lys Thr Glu JMa Aia Ser Arg 



•;210> 49 
<211> 9 
<21Z> PRT 

<213> Homo sapieiis 

. <400> 4S 
Thr Glu Ala Ala Ser Arg Val Asn Leu 



<210> 50 
<211> 9 
■ <2ia> FRT 
<213> Homo sapiens 

<400> 50 

Ser Leu Glu Asp Pro Ser Thr Asp Val 



<210> 51 
<211> 8 
<212> £RT 

<213> Homo sapiens 



<210> 52 

<2ai> a 

<212> PR-? 

<213> Homo sapiens 
<4O0> 52 

Ser Thr Slu Lys Asn Val Ser Met 
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<2a0> 53 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 53 

Val Pro Pro Ser Ssr Thr Asp Axg Sej; 
3. 5 



<210> 5-4 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 54 

Phe Asii Gin Tyr Lys Thr Glu Ala Ala 
X S 



<210> 55 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 55 

Gly Gly Slu Lys Slu Thr Ser Ala Thx- 
1 S 



<210> 56 

<211> 9 
<212> PRT 

<213> Slomo sapiens 
<400> 56 

Thr Gly Ser Gly His Ala Ser Ser Thr 
1 5 



<210> 57 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 57 

Thr Glu Ala Aia Ser Arg Val Asn Leu 
1 5 
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<210> 58 

<211> 9 

<212> PRT 

<2l3> Homo sapieijs 

<400> 58 

Asn Ser Ser Leu Glu Asp Pro- Ser Thr 
1 5 



<210> 59 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 59 

Asp Pro Ser Thr Asp Tyr Tyr Gin Glu 
1 5 ■ ' 



<210> 60 
<211> 9 
<212> mi 

<213> Homo sapiens 
<400> 60 

Pro Ser Thr Asp Tyr Tyr Gin Glu Leu 
1 5 



<210> 61 

<211> 9 

<212> PRT 

<213> Hpkio sapiens 

<400> 61 

Ser Ser I'hr Glu hys Aen Ala Val Ser 
1 5 



<Z1D> 62 
<211> 9 
<212> PRT 

<2l'3> Homo sapiens 
"<40D> 62 

Arg Ser ero Tyr Glu Lya Val Sec Ala 
1 5 



<210> 63 
<211> 9 
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<2a2> PRT 

<213> Homo sapiens 

<400> 63 

Ser Ser Leu Glu Asp Pro 3er Thr Asp 
1 5 



<210> 64 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 64 

Lys Glu Thr Ser Ala Thr Gin Arg Ssr 
1 -5 



<210> 6S 
<211> S 

<212> PRT 

<213> Homo sapiens 

<400> 65 

Pro Asp Thr Arg Pro Ala Ejco Gly Ser 
1 5 



<210> 66 

<2il> 9 

<212> PRT 

<23.3> Homo sapiens 

<4 00> 66 

Ala Pro ero Ala His Gly ValThr SeK 
1 5 
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Claims: 



1. A peptide or polypeptide capable of eliciting aa immtine response, 
wherein said peptide or poljrpeptide comprises an amino acid sequence 

5 substantially corresponding to that of an epitope of the non-VMTR, 
non-leader region of a nmcin. 

2. A peptide or poljrpeptide according to claim 1, -wherein said peptide or 
polypeptidB consists of an amino acid sequence derived from the non-VNTR, 

10 uon-leader legion of a mucin, 

3. A peptide or polypeptide according to claim 1, wherein said epitope is 
from an extracellular region of the non-VM'R, non-leader region of a mucin. 

IS 4, A peptide or polypeptide according to claim 1, wherein said epitope is 
from ail intracellular region of tlie non-VNTR, non-loader region of a niucin, 

5. A peptide or polj'peptide according to claim 1, wherein said epitope is 
from a ti'ansmembrane region of the non-VNTR, non-leader region of a mucin. 

20 

6. A peptide or polypeptide according to any one of the preceding claims, 
wherein said mucin is mucin 1 {MUCl}. 

7. A peptide or polypeptide according to claim 6, wherein said mucin 1 is 
25 human mucin 1. 



8. A peptide or polypeptide according to claim 7, wherein said human 
mucin 1 is human milk fat globule membrane antigen (HMFG). 

30 9. A peptide or polypeptide accoi-ding to claim 3, whereiti said epitope 
has an amino acid sequence selected from: AVSMTSSVL (SEQ ID NO; 20), 
NAVSMTSSV (SEQ ID NO; 22), VPSSTEKNA (SEQ ID NO: 28) and 
SAPDKRPAL (SEQ ID NO: 36]. 

35 10. A peptide or polypeptide according to claim 4, wherein said epitope 
has the amino acid sequence: YSfQELQRDI (SEQ ID NO: 35) , 
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11. A peptide or polypeptide according to claim 1 or 2, wlierein said 
peptide or polypeptide comprises an amino acid sequence substantially 
con'sspoading to one of the following amino acid sequences or an 

5 immunogenic foagment thereof; TGSGHASSTPGGEKETSATQRSSVP (SEQ ID 
NO: 21 'SSSVPSSTEKNAVSmSSVL (SEQ ID NO: 3), 

SGHASSTPGGEKETSATQRSSVPSSTEKNAVSMTSSVLSSHSPGSGSSTTQG 
QDVTLAPATEPASGSAATW (SEQID NO: 4), SAPDNKPAL (SKQID NO: 6), 
NSSLEDPSIDYYQELQRDISE (SEQ ID NO: 7), TQFNQYKTEAASRVNL (SEQ 
10 ID NO: 8), AVCQGEEKNYGQlDlFPARDrai [SEQ ID NO: 9) and 
YVPFSSTDKSFifEICVSAGNG (SEQ ID NO: 10). 

12. A fusion protein comprising a peptide or polypeptide accoiding to any 
one of the preceding claims with a suitable carrier protein. 

15 

13. A fusion protein according to claim 12, wherein said fusion protein Is 
conjugated to a cai'boh5?drate polymer. 

14. A fusion protein according to claim 13, wherein the caihohydrate 
20 ■ polymer is a polymer of a carbohydrate monomer unit selected from the 

group consisting of glucose, galactose, mannose, xylose, arabinose, fucose, 
glucosamine, galactosaimiie, rhamnose, B-O-methyll-D-galactose, 2-0-aGetyl- 
P-D-xylose, N-acelyl-glucosaraine, iduronate, gulm-onate, mannuronate, 
methyl galacturonate, a-D-galactopyraiiose 6-sulphate, fructose, a abequose 
25 and conformation and configination isomers thereof, or is a polymer of a 
carbohydrate formed of two or more different types of said carbohydrate 
monomer units. 

15. A fusion protein according to claim 14, wherein said carbohydrate 
30 polymer comprises at least 20 monomer uni ts. 

16. A fusion protein accoiding to claim IS, wherein said carbohydrate 
polymer comprises more than 1000 monomer units. 

35 17. A fxision protein according to claim 16, wherein said carbohydrate 
polymer comprises more than 10,000 monomer units. 
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18. A fusion protein accoiding to any one of claims 13-17, wherein the 
carbohydrate polymer is a polymer of mannose or ia a caxbohydrate polymer 
oomprising mannoae. 

5 

19. A fusion protein according to any one of claims 13-17, wherein the 
caibohydi-ate polymer is a polymer of oxidised mannose or is oxidised 
mannan. 

10 20. A peptide or polypeptide acGoi-ding to any one ofclaims 1-11 coupled 
to a suitable carrier protein. 

21. A peptide or polypeptide acopiding to claim 20, wherein said peptide 
or polypeptide and/or said carrier protein is conjiigated to a carbohydrate 

15 .pol3rmer, 

22. A peptide or polypeptids according to claim 21, whea-ein the 
carbohydrate polymer is a polymer of a carbohydrate monomer unit selected 
from tlie group consisting of glucose, galactose, mannose, xylose, arabinose, 

20 fucose, glucosamine, galactosamine, rhamnose, 6-0-ni.ethyll-D-galactose, 2-0- 
acetyl-p-D-xylose, N-acefyl-^lucosamine, idiu'onate, guluronate, 
inannuronate, methyl galflctiironate, a-D-galactopyramMe 6-siilphate, 
fructose, a abeqnose and conformation and configuratian isomers thereof, or 
is a polymer of a cai'hohydrate formed of two or more different tjrpes of said 

25 carbohydrate monomer units. 

23. A peptide or polj-peptide according to claim 22, wherein said 
caibohydmte polymer comprises at least 20 monomer imits. 

30 24, A peptide or polypeptide according to claim 23, wherein said 
carbohydrate polymer comprises more than lODO monomer imits. 



25 . A peptide or polypeptide according to claim 24, wherein said 
carbohydrate polymer comprises more than 10,000 monomer units. 
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26, A peptide or polypeptide according to any one gf claims 31-25, wherein 
the caibohydrate polymeoc is a polymer of mannose or is a carbohydrate 
polymer comprising maonose. 

5 27. A peptide or polypeptide according to any one of claims 21-25, wherein 
the carbohydrate polymer is a polymei of oxidised mamiose or is oxidised 
maniian, 

28 . A compoiind comprising a conjugate of a peptide or polypeptide 
10 accoi'ding to any one of claims 1-11 and a carbohydrate polymer. 

29 . A compound comprising a conjugate of mucin 1 and a carbohydrate 
polymer, such that tihe conjugate is capable of eliciting a cell mediated 
inmaune response in a human or other animal. 

15 

30. A compotuid according to claim 29, wherein said mucin 1 is human 
mucin 1. 

31. A compound according to claim 30, wherein said human mucin 1 is 
20 human milk fat globule membrane antigen (HMFG) . 

. 32 , A compound according to any one of claims 28-31, wherein the 
carbohydrate polymer is a polymer of a carbohydrate monomer unit selected 
from the group consisting of glucose, galactose, mannose, xylose, arabinose, 

25 fncose, glucosaniine, galactosamine, rhamnose, 6-0-methyll~D-gaIactose, 2-0- 
acetyl-p-D-xyiose, N-aceiyl-gJucosainiue, iduronate, guluronate, 
mannuronate, methyl galacturonate, a-D-galactopyranose 6-sulphate, 
fructose, a abequose and conformation and configin'ation isomers thereof, or 
is a poljrmer of a carbohydrate formed of two or more different types of said 

30 carbohydrate monomer units. 

33. A compound according to claim 32, wherein said carbohydrate 
polymer comprises at least 20 monomer units. 

35 34. A compound according to claim 33, wherein said caibohydrate 
polymer comprises more than 1000 monomer units. 
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35. A compound according to claim 34, whereia said carbohydrata 
polymer comprises more than 10,000 monomer tinits. 

5 36. A compound according to any one of claims 28-35, wherein the 

carbohydrate polymer is a polymer of mannose or is a carbohydrate polymer 
comprising mannosB, 

37. A compound according to any one of claims 28-35, wherein the 
10 carbohydrate polymer is a polymer of oxidised mamiose or Is oxidised 

mannan. 

38. A vaccine or therapeutic agent comprising a peptide or polypeptide 
according to any one of claims 1-11 or 20-27 or a fusion pi-otein according to 

15 any one of claims 12-19 and, optionally, an adjuvant and/or a 
pharmaceutically acceptable carrier. 

39. A vaccine or therapeutic agent comprising a conjugate compound 
according to any one of claims 28-37 and, optionally, an adjuvant and^br a 

20 pharmaceuticaliy acceptable carrier, 

40. A method for inducing a cbH mediated immune response against mucin 
which comprises administering to a subject an effective amount of a peptide 
or poljrpeptide according to any one of claims 1-11 or 20-27 or a fusion 

25 protein according to any one of claims 12-19, optionally in combination with 
. an adjuvant and/or a pharmaceutically acceptable carrier. 

41. A method for inducing a cell mediated immune response against mucin 
which comprises administering to a subject an effective amount of a 

30 ■ conjugate compound according to any one of claimfi 28-37, optionally in 
combination witli an adjuvant and/or a pharmaceutically acceptable canier, 

42. A method of preventing or treating a carcinoma in a subject, said 
method compidsing administering to said subject a vaccine or therapeutic 

35 agent according to claim 38 or 39. 
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43. A inethod according to claim 42, wherein said caxdaomsL is an 
adenocaiGinoma. 

44. A method according to daim 43, wherein said adanocarcinoma is 
5 breast cancer. 

45 . Tha use of a peptide or polypeptide according to any one of claims 
1-11 or 20-27, a fusion protBin according to any one of claims 12-19, or a 
conjugate compound according to any one of claims 28737, to pulse dendritic 

10 ceils for in wvo tiunsfer and use as a vaccine. 

46. An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding the peptide or ]X)l]?pepti.de of any one of claims 1-11 or a fusion 
protein according to any one of claims 12-19. 

15 " . 

47. A DNA vaccine comprising a nucleic acid molecule according to 
claim 46, 
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Figure 1 



mPGXQSPFB IiLLLLTVLTV VTGSGSMST PGGBKETSAT QRS3YPSSTE KtUWSMTSaV 60 
1.SSHSEGSGS 3TTQGQDVTL AEATEPASGS MTWGQDVl'S VTHPALGSTT EEAH0VTSAP 120 

DNKgAPGSTA PPAHGVTSAP DTRPAPSSTO. P?JIHSV5?|SAI' DURpaLGSTA PPVHJIVISAS 160 

GSASGSA3TL VHNGTSAHAT TTPASKSTPF SIPSHH3DTP TTLA3HSTKT DASSTHESTV 240 
PPLTSSNHST 3PQLSTSVSF FEIiSEmSNL QFWSSLEDPS TDYYQELQRD ISEMFLQXYK 300 
QGGFLGLSKI KFRSG3VWQ MIAFREGTI HVHDVETQFM QYKTEAASRY NLTISDVaVS 360 

DVPE'PFSAQS GA GVPGWBIA LLVBVlJi/LVA lAIVYLIALA VCQCRRKNVG QLDlFE>ARD\r 420 

YHPMSEYBTY HTHGRYVEPS 3TDRSPYEKV SAGNGGS3LS YTKPAVfiiATS AML 473 



- leader sequence is shown in italics 

- repeat sequences (VNTR) are shoT,vn in bold 

- transmBmbrane sequence is shown underlined 
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CTI- Activity in Mice Imraunleed with 
Mannan-SOr-KLH 
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SEQJTEirCE LISTING 
<110> She Austin Research Institute . 
<120> Antigens and their use in immunotherapy 
<160> 66 

<170> Patentln. Ver. 2.1 . 

<210> 1 
<211> 9 

<213> Homo sapiens 
<400> 1 

Leu Leu Leu leu Tfcr Val Leu Thr Val- 
X S 



<210> 2 

<211> 25 

<21.2> PRP. 

<2i3> Homo sapiens 

<40Q> 2 

Thi- Gly Ser Gly His Ala Ser Ser Thr Pro Gly (3ly Glu lys Glu Thr 
1 5 ■ 10. 15 

Ser Ala Thr Gin Arg Ser Ser Val Sco 

20 25 



<210> 3 

<211> 20 

<212> PRl' 

<213> Homo sapiens 

<400> 3 

Arg Ser Ser Val Pro Ser Ser Thr Glu Lys Asn Ala Val Ser Met Thx 
15 10 15 

Ser Ser Val Leu 
20 



<210> 4 
<211> 71 
<212> ERT 

<213> Artifiaial Sequence 
<220> 

<223> Description of Artificial Sequence; 

Glutathione-S-transferase fusion protein 



<400> 4 

Ser Gly His Ala Ser Ser Thr Pro Gly Gly Glu Lys Glu Thr Ser Ala 
15 10 ■ 15 
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Thr Gin Arg- Ser Ser Val Pro Sei: Ser Thr Glu hys Asn Ala Val Ser 
20 25 30 

Met Thr Sec Sec VaX Leu Ser Ser Eis Ser Pro Sly Ser' Gly Ser Ser 
35 40 45 

Thr Thr (Sin Gly Gin Asp Val Thr Leu Ala Pro Ala Thr Glu Ero Ala 
SO 55 60 



Ser Gly Ser Ala Ala Thr Ttp 



<21D> 5 

<211> 473 

<:212> PRT 

<213> Eomo sapiens 

<400> 5 

Met Thr Pro Gly Thr Gin Ser Pro Ehe Phe Leu Leu Leu Leu Leu Thr 
IS 10 15 



, Val Leu Thr Val Val Thr Gly Ser Sly Hi's Ala Ser Ser Thr Pro Sly 
20 25 ■ 30 

Gly Glu Lys Glu Thr Ser Ala Thr Gin Arg Ser Ser Val Pro Ser Ser 
35 40 45 

Thr Glu Lys Aan Ala Val Ser Met The Ser Ser Val Leu Ser Set Eis 



Ser Pro Gly Set Gly Ser Ser Thr Thr Gin. Gly Sin Asp Val Thr Leu 
65 70 75 60 

Ala Pro Ala Thr Glu Pro Ala Ser Gly Ser Ala Ala Thr Trp Gly Gin 
SS ,90 95 

Asp Val Thr Ser Val Thr Arg Pro Ala Leu Gly Ser Thr Thr Pro Pro 
100 105 110 

Ala His Asp Val Thr Ser Ala Pro Asp Ksn Lys Pro Ala Pro Gly Ser 
115 120 125 

Thr Ala Pro Pro Ala His Gly Val Thr Ser Ala Pro Asp Thr Arg Pro 
130 135 14 D 

Ala Pro Gly Ser Thr Ala Pro Pro Ala His Gly Val Thr Ser Ala Pro 
■145 150 155 160 

•Asp Asn Arg Pro Ala Leu Gly Ser Thr Ala Pro Pro Val His Asn Val 
165 170 175 

Thr Ser Ala Ser Gly Ser Ala Ser Gly Ser Ala Ser Thr leu Val His 
IBQ 1B5 190 

Asti Gly Thr Ser Ala Arg Ala Thr Thr Thr Pro Ala Ser Lys Ser Thr 
195. 200 205 
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Pro Bha Ser lie Pro Ser Hia His Ser ftsp Thr Bro Thr The Leu ftla 
210 215 . 220 

Ser His Ser Thr Lys Thr Asp Ala Ser Ser Thr His His Ser Thx Val 
225 230 ■ 235 240 



Leu Thr Lou Ala Phe Arg Gl« Gly Thr He hsn Val His Asp Val Glu 
325 330 335 

Thr Gin Phe Aan Gin Tyr Lys Thr Glu Ala Ala Ser Arg Tyr Aan Leu 
340 345 35a 

Thr lie Ser Asp Val Ser Val Ser Asp Val Pro Phe Pro Phe Ser Ala 

355 360 365 



Val Cys val Leu Val Ala L«u Ala He Val Tyr Leu lie Ala Leu Ala 
385 330 395 . 400 

Val Cya Gin Cys Arg Arg Lys Asn Tyr Gly Gin. Leu Asp He Phe Pro 
405 <J10 415 



Eis Gly Arg Tyr Val Pro Pro Ser Ser Thr Asp Arg Ser Pro Tyr Glu 
435 440 445 

Lys Val Ser Ala Gly Asn Gly Gly Ser Ser Leu Ser Tyr Thr Asti Pro 
450 455 4S0 



Ala Val Ala Ala Thr Ser Ala Asn Leu 
465 470 



<210> 6 
<211> 9 

<212> Pier 

<213> Homo sapiens 

<400> 6 

Ser Ala Pro Asp Asn Arg Pro Ala leu 
1 ■ ■ 5 
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<210> 7 

<2H> 21 

<212> PRT 

<213> Hoiaa sapiens 

<4ao> 7 

Asn Sex Ser Leu Glu Asp Pro Ser Thr Asp Tyt Tyj: Gin Glu Leu Sla 
1 5 10 15 

Arg Asp lie Ser slu 

20 



<210> 8 

<211> 16 

<212> PRT 

<213> Homo sapiens 

<400> 8 

Thr Gin Phe Asa Gin Tyr I,ys Thr Glu Ala Ala Ser Arg Val Asn Leu 
1 S 10 IS 



<210> 9 

<211> 23 

<212> PRT 

<213> Homo sapiens 

<400> 9 

Ala Val Cya Gin Cys Axg Arg hys Rxn Tyr Gly Gin Leu Asp lie Phe 
15 10 15 

Pro Ala Arg Asp Thr Tyr His 

2D 



<:210> 10 
<211> 20 
<212> PRT 

<213> Homo sapiens, 
<400> 10 

Tyr Val Pro Pro Ser Ser Thr Aap Arg Ser "Pro Tyr Glu r,ya Val Ser 
1 5 ■ 10 . 15 ■ 

Ala Gly Asn Gly 
20 



<210> IX 

<211> 3 

<212> PRT 

<213> Homo sapiens 
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<400> 11 

3er lie lie Asn Phe Glu Lys Leu 
1 5 



<210> 12 
<211> 9 
<212> ERT 

<213> papilloma.virus-16 
<40D> 12 

Arg Ala His Tyr Asn lie Val Thr Phe 

1 5 ' 



<210> 13 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 13 

Asn Tyr Gly Girt Leu Asp lie Phe Pro 
1 5 



<210> 14 

<211> 9 

<212> BRT 

<213> Homo sapiens 

<400> 14 

Tyj: Gly Gin Leu Asp, lie Phe Pro Ala 
1 5 



<210> 15 

<211> 9 

<212> PI«C 

<23.3> Homo sapiens 

<400> 15 

Lyes Aan Tyr Gly Gin Leu Asp He Phe 
1 ■ 5 



<210> 16 
.<211> 9 
<Z12> PRT 
<213> Homo sapiens 

<400> 16 

Sear Ala Pro Asp Xhr Arg Pro Ala Pro 
1 5 
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<210> 17 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 17 

Ala Pro Asp Thr Arg Pro Ala Sro GLy 



<210> 18 
<211> 9 
<212> PRT 

<213> Unkno™ Organism 
<220> 

<223> Description of Dnknown Organism; liisteriolysin Kd 
pepfcd.de 

<400> 18 

Sly Tyr Lys Asp Gly Asn Glu Tyr lie 
1 5 



<210> IS 
<211> 25 
<212> PRT 

<213> Human ImmunodeficienGy virus 
<400> 19 

Arg Bys Ser lie Arg Tie Gin Arg Gly Pro Gly Arg Ala Phe Val Thr 
IS 10 15 

lie Gly Lys Gly Lys Gly lys Gly Tyr 
20 25 



<210> 20 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4Q0> 20 

Ala Val' Ser Met Thr Ser Ser Val Leu 
1 5 



<210> 21 
<211> 9 
<212> EKP 

<213> Homo sapiens 
<400> 21 

Thr Thr Gin Gly Gin Asp Val Thr Leu 
1 5 
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<210> 22 

<211> 9 

<212> ERT 

<213> Homo sapiens 

«100> 22 

Asn 7U.a Vml Sejj Met Thr Sep Sex Val 
X 5 



<210> 23 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 23 

Thr Sex Ala Thr Gin Arg Ser Ser Val 
1 5 



<Z10> 24 

<211> 9 

<212> PRT 

<213> Hnmo sapiens 

<400> 24 

Ser Sex Thx Tht Gin Gly Gin Asp Val 
1 5 



<210> 25 
<2ia> 9 

<Z12> PRT 

<213> Homo sapiens 

<40O> 25 

Ser Val Exo Ser Ser The Glu Lys Asn 
1 5 



<210> 26 
<211>-9 
<212> PRT 

<213> Honvo sapiens 
<400> 26 

5lu Pro Ala Ser Gly Ser Ala Ala Thr 
i 5 



<210> 27 

<211> 9 

<212> PBT 

<213> HoEttJ sapiens 
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<400> 27 

Ser Pro Gly Set Gly Ser Ser Thr Thi: 



<210> 28 
<211> 9 
<Z12> 5RT 

<213> Homo gapiens 
<400> 2B 

Val Pro Ser Set Thr Glu I>ys Asn Ala 
1 5 



<210> 29 
.<211> 9 
<212> ERT 
<213> Homo sapiens 

<400> 29 

Thr Pro Sly Gly Glu Lys Gin Thr Sar 
1 5 



<210> 30 

<211> 9 

<212> PUT 

<213> Homo sapiens 

<400> 30 

Thr Ser Ala Thr Gin Arg Ser Ser Val 
1 5 



<210> 31 

<211> 9 

<212> PHT 

<213> Homo sapiens 

<40D> 31 

•Shx Ala Pro Pro Ala His Gly Val Thr 
1 5 



<210> 32 

<211> 9 

<212> PRT 

<213> HoittQ sapiens 

;<400> 32 

Cys Acg Arg Lys han Tyr Gly 61a Leu 
1 5 . 
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<210> 33 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 33 

Ala Pro Gly Ser Thx Ala Pro Pro Ala 
1 5 



<210> 34 

<2H> 9 

<212> PRT 

<213> Eomo sapiens 

<400> 34 

Ser Thr Glu Lys Asn Ala Val 3er Mat 
1 5 



<210> 35 
<211> 9 
<212> PRT 

<213> Homo sapiens 

<400> 35 

Tyr Tyr Gin GJ.u Leu Gin Arg Asp lie 
1 5 



<7.:.0> 36 

<Z11> 9 

<212> PRT 

<213> HomQ sapiens 

<400> 36 

Ser Ala gro Asp A@n Arg Fro Ala Leu 
1 5 



<210> 37 

<2ia> 9 

<212> PRT 

<213> HoitKi sapiens 

<400> 37 

Ser Thr Ma Pro Pro Ala His' Gly Val 
■ 1 5 



<210> 38 
<211> 32 
<212> PRT 
<213> Hotao sapisi 



<400> 38 
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Pro Asp Ttir Arg Pro Ala Pro Cly Ser Thr Ala Pro Pro Ala His Gly 
1 5 10 15 

Val Thr Ser Ala Bro Asp Thr Arg Pro Ala Pro Gly 5er Thr Ala Pro 



<210> 39 
<aili> 21 

<212> PKT 

<213> Homo sapiens 

<400> 39 

Cys Pro Ala His Gly Val ThJr Ser Ala Pro Asp Thr Arg Pro Ala Pro 
1 5 10 15 

Gly Sar Thr A].5 Pro 
20 



■ <210> 40 

<211> 30 

<212> PRT 

<213> Homo sapiens 

<400> 40 

Pro Asp Thr Arg Pro Ala Pro Sly Ser Thr Ala Pro Pro Ala His Gly 
1 5 10 15 

Val Tlir ser Ala Pro Asp Thr Arg Pro Ala Pro Gly Ser Thr 
20 25 3D 



<210> 41 

<211> 21 ■ 

<212> PRT 

<213> Homo sapiens 

<400> 41 

Cyis Tyr Val Pro Pro Ser Ser Thr Asp Arg Ser Pro Tyr Glu tys Val 
15 10 15 

Ser Ala Gly Asn Gly 
20 



<210> 42 
<211> 19 
<212> PRT 
<213> Una mus cuius 



<400> 42 

Lys Thr Leu Val Leu Gly Lys Glu Gin Glu Ser Ala Glu Leu Pro Cys 
1 . 5 . ■ 10 IS 
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<210> 43 
<:211> 23 
<212> ?RT 
<213> mma sapiens 

<400> 43 

Ala Val Cys 6ln Cys Acer Arg Lys Asn Tyr Gly Gin Bau Asp He Phe 
15 10 15 

Pro Ala Arg Asp The Tyr His 
2D 



<210> 44 
<211> 16 
<212> PRT 

<213> Homo sapiens 
<409> 44 

Thr Gly Phe Aarx Gin Tyr Lys Thr Glu Ala Ala Sej: Arg Tyr Asn Le%i • 



<210> 45 
<211> 71 
<212> PRT 

<213> Homo sapiens 
<400> 45 

Ser eiy His Ala Ssar S«r Tlir Pro Gly Gly Glu Lys Glu Thr Ser Ala 
15 10 15 

Thr Gin Arg Ser Ser Val Fro Ser Ser Thr Glu Lys Asn Ala Val Ser 
20 25 30 

Met Thr Se.ir Ser Val Iisu Ser Ser His Ser Pro Gly Ser Gly Ser Ser 
35 40 45 

Thr Thr Gin Gly Gin Asp Val Thr Leu Ala Pro :Ala Thr Glu Pro Ala 
SO 55 60 

Ser Gly Ser Ala Ala Thr Trp 
65 70 



<2ia> 46 
<211> 9 
<212> PRT 

<213> Homo sapiens , 



<400> 46 

Cys Tyr Val Pro Pro Ser Ser Thr J^sp 
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<210> 47 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 47 

Gin Ehe Asn Gin Tyr hys Thr Glu Ala 
1 5 



<210> 46 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 48 

Gin Tyr Lys Thic Glu Ala Ala Ser Arg 
1 5 



<210> 49 

<211> B 

<212> PRT 

<213> Homo sapiens 

<400> 49 

Thr Glu Ala Ala Ser Arg Val Asn Leu 
1' 5 



<210> 50 
<2il> 3 
<212> tfiT 

.<213> Homo sapiens 
<400> 50 

Ser Leu Glu Asp Pj:o Ser Thr Asp Veil 
1 5 



<210> 51 
<211> B 
<212> PBT 
■ <213> Homo sapiens 

<400> 51 

Asn Ala Val Ser Met Thr Ser Val 
1 5. 



<210> 52 
<211> 8 
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<4G0> 52 

Ser ThE Glu Lya Asn Val Ser Met 



<210> 53 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<4Q0> 53 

Val Pro Pro Ser See The Asp Arg Ser 
1 5 



<21D> 54 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 54 

Eha Asn Gin Tyr Lys Thr Glu Ala Ala 
1 5 



<Z10> S6 

<2ia> 9 

<212> ERT 

<213> Hoino sapiens 

<400> 55 

ely Gly Glu Lys Glu Thr Ser Ala Thr 
1 5 



<210> 56 

•<211> 9 

<212> PH.T 

<213> Homo sapiens 

<iQQ> 56 

Thr Gly Ser Gly His A].a Ssf Ser Thr 
1 5 



<210> 57 

<2U> 9 

<2a2> PRT 

<2X3> Homo sapiens 



<400> 57 

Thr Glu Ala Ala Sor Arg Val Asn Leu 
1 5 
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<210> SB 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 58 

Asn Ser Sejr leu t31u Asp Pro Ser TJir 

1 . 5 



<210> 59 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 59 

Aap Pro Ser IhE Asp Ty£ Tyr Gin Glu 
1 5 



<210> 60 
<211> 9 
.<212> PRT 
<213> Homo sapiens 

<400> 60 

Pro Ser Thr Asp Tyr Tyr Gin Glu Leu 
1 5 



<210> 61 
<211> 9 
<212> PRT 

<213> Homo sapiens 
<400> 61 

Ser Ser Ihr Glu Lys Asn Ala Val Ser 
1 5 



<2iO> 62 

<211> 9 

<212> PRT 

<213> Homo sapiens 

<400> 62 

Arg Ser Pro Tyr Glu Lys Val Ser Ma 
1 S 



<210> 63 
<211> 9 
<212> PRT 
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<213> Homo sapiens 
<400> 63 

Ser Ser Leu Glu Asp Pro Ser Thr Asp 



<210> 64 
<21X> 9 
<212> PRT 

<213> Homo sapiens 
<iOG> 64 

Lys Glu Thr Ser Ala Thr Gin Arg Ssr 



<210> 65 

<21X> 9 

<212> PRT 

<213> Homo sapiens 

<40Q> 65 

Pro Asp Thr Arg Pro Ala Pro Gly Ser 



<210> 66 
<211> S 
<212> PRT 

<:213> Homo sapiens 
<i.00> 66 

Ala Pra Pro Ala His Gly Val Thr Ser 
1 a 
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